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PREFACE TO THE SECOND EDITION. 


Sixth tlu* publication of tin* lirst < m 1 it i < >11 of this hook 
in 1 S77 % several articles have appeared on tin* subjects 
therein discussed, and many letters have horn received 
hy me. I will lion* briefly stale their nature, as an 
aid to anyone who may afterwards pursue tin* sunn* 
subjects. The text has been left as it « u-iiri na I ly 
appeared, excepting that a lew errors have been 
■ *< irreeted. 

Dr. A. Krnst has proved in tin- clearot manner 
(Nature, Jan. 1, 1SS0, p. ‘JIT), that Mr/orhia jm rrijnlia , 
which is a common plant near < 'unions. is In terest \ led. 
The pollen-i'rains differ in the usual manner in si/e in 
the two forms, as do the papilla* on their stigmas. 
The illegitimate unions, espeeially when pollen from 
the same llowcr was employed, were much less fertile 
than the legitimate ones. A new family, tin* liytt- 
neriacea*, is thus added to those includin': hetemsl \ led 
plants. 

Krrarn and (Jevaert have* published a paper on the 
hetemstylism of 1 } ruitula elat-ior in Hull. Soe. li. Dot. 
I»el^r., tom. xvii. 1871). 

I have quoted (p. 100) I )r. A Meld's statement that 
none of the American species of I Jiiiim are heterostyled. 
This statement was disputed by Kuhn (Ilot.Zeit. 1st 50, 
]>. JUl), but has since been confirmed by Dr. lira. 
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Urban in Linmea. I>. vii. p. 021. 3Ir. 3Icehan (hull. 
Torrey Hot. Clul). vol. vi. p. 1Mb lias endeavoured 
to throw doubts on my observations on the sterility of 
tin* lbrms of L. prrenne when fertilised with their own- 
lbrm pollen, because a plant from Colorado yielded 
seed, when growing by itself: but as might have been 
expected, and as is sufficiently clear from the remarks 
of a well-known reviewer in the American Journal of 
Science, 31 r. Meehan mistook L. Lewis! i . which is not 
heterostvled, for L. jpemutv. 

In the Foraginca*, Lith caper mum eaucacens differs, 
according to 31r. Erwin 1\ Smith (Lot. Gazette, United 
States, vol. iv. 1S7!>, p. 1(»S), from the heterostvled 
species of the same genus by occasionally presenting 
a mid-st vied form, which has a short pistil like that 
of the short-styled, and short stamens like those of the 
long-styled form. All the forms seem variabh*, and 
the whole case requires further invest igat ion. 

31 r. Alex. S. "Wilson informs me that on comparing 
the pollen-grains from a long-styled plant of lirythrmi 
ecnlaunitni with those from some short-styled plants 
from the island of Arran, they differed in size and 
shape, as in the case of the undoubtedly heterostvled 
M< uyantlies trifoliafa , a member of the same family of 
tin* Gentianea*. 1 had myself formerly observed that 
the ih avers on different plants differed much in 
structure, but coul 1 not make out that they presented 
two distinct forms. 

The lvubiacea* contain many more heterostvled 
plants than any other family, and several additional 
cases can now be added. 31 r. C. 1>. Clarke has been 
so kind as to send me sketches made in India of two 
extremely distinct forms of Adeuoaacme long! folia . He 
remarks that the peculiarity of the case is not the 
difference in tin length of the style and stamens 
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in the two forms, but the extreme difference in tin* 
jioilit of insertion of the stamens.” A mid-styled form 
exists having a short pistil ami short stamens seated on 
the same level, only a little way up the tube of the 
eorolla. Mr. Clarke adds that heterostylism is (piite 
common in the Coflee trihe. INI r. Iliern, in his ohscr- 
vations on the liubiacen* of tropical Africa (Journal 
Linn. ttoc. Hot., vol. xvi. 1S77, p. 2f>2), remarks that 
dimorphism occurs commonly, or at least in some species, 
in four or five genera in the trihe of Jledyotidejc. Mr. 
M. S. Evans states ( Nature , Sept, lfi, 1<S7<S, p. f>Jo) 
that in Natal there is a hetcrostyled Kuhiaceous 
plant, which occasionally though rarely presents n 
third form, and in this the pistil and stamens are of 
jMjual length and both are exserted from the month 
of the corolla. He adds that In? has found four 
other hetcrostyled dimorphic plants, and one of these 
is a monocotyledon. 

Lastly, I have given (p. 1 l>;j) lUmvardia Ic.ianfha as 
doubtfully hetcrostyled ; Mr. Hailey has now sent 
me dried specimens, and as far as the lengths of the 
pistil and stamens are concerned the species is clearly 
hetcrostyled ; but no difference could be detected in 
the size of the pollen -grains ; so the case must remain 
doubtful. 

AY i tli respect to trimorphic heterostyled plants, J>r. 
Koehne, who has described the Lythracea; of Erazil, 
has, with great kindness, sent me a long account of 
them. Jle knows twenty-one species which are hetero- 
sty led, and oil) which are honiostyled. He informs 
me that Ly thrum tkymifolia is not hetcrostyled, and 
that 1 must have received some other species under 
this name. There are many dimorphic species in 
America. Pemjthis acidula is distinctly dimorphic, 
so an* some species of llotala and Nesa*a ; thus two 



VI 11 


PREFACE. 


now liotomstyled genera are added to the family. 
i)r. Kooliue does not believe that any species of Luger- 
st rati niu is, or lias been, liotorostyled and trimorphic. 
He lias also sent mo an outline of an important, view, 
well worth following out, namely, that hctemstylism has 
arisen through the modifieation of plants which were 
tending to become polygamous or duccious. 

It is slated at p. 1ST that Mr. Leggett- felt some 
doubt whether Vontederia cordata was trimorphie and 
heterostyled ; but he has since written to me that his 
doubts are removed : see also to this e fleet, in Lull. 
Torroy Lot. Club, vol. vi. 1877, p. 170. All three 
forms of this JYmtederia appear to bo highly variable. 
He informs me that humble-bees are the fertilisers. 

With respect- to the origin of the diurious state, 
which is discussed in tin* beginning of the seventh 
chapter, Hermann Muller lias given some interesting 
remarks in Kosnios, 1877, p. 200. The same author 
shows (ibid., p. DO) that Valeriana dioica exists under 
four forms closely allied to the four presented by 
Ivhamnus, as described in this same chapter. It is 
much to be desired that some one should experiment! sc 
on those forms and make out their meaning. Lornet 
has published (Lull. Soc. Lot. France, tom. xxv. 1878) 
a paper entitled, ‘ J >isjonetion des sexes dans 
1' Eiio nymis Europ/etis. which may be compared with 
my observations on the same plant. I have stated 
at- j). 208 that I could never find an hermaphrodite 
plant of the common holly, but according to 
Mr. llibbord (Gard. Chron. 1877, pp. 00 and 77(i) 
such occur among the many cultivated varieties. 
The evidence* however is far from conclusive, for it 
does not appear that Mr. llibbord ever observed under 
t lit* microscope pollen taken from a plant known 
to produce berries, 'frees of Juglaus cinerui in the 
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U. States arc monoecious, and like those of J. regia 
consist of two sots, 0110 being proterandrous and tho 
other protorogynous (Mr. C. 14. Pringle, in Bot. Gazette , 
yol. iv. 1875), p. 237) ; and thus the cross-fertilisation 
of distinct trees is insured. Mr. Alex. S. Wilson 
informs me that Sileiw infiata is polygamous on Bon 
Lawors, as lie found hermaphrodite, male, and female 
plants. The case is here mentioned because* the flowers 
on the females are small like those on tin.* females in 
the gyno-dicecious sub-class. In an article*, in the Bull. 
Torrey Bot. Club, July 1871, this Nilone is, however, 
said to be gyno-direeious. Asparagus officinalis is also 
polygamous, and the female flowers are about half the 
size of the male ones ; see Garth Citron . May 25, 1878 ; 
also Broi ten bach in Bot. Zeitung, 1878, p. 103. 

Several cases can now lie added to my list of gyno- 
dhecions plants, or those* which exist as hermaphrodite* 
and female* individuals ; namely, according to Mr. 
Whitelegge ( Nature , ()<*(. 3, 1878, p. 588), Stachys 
german tea, Itannueulus acris , repots and bulbosus. 
.11. Muller found on the Alps (Nature, 1878, p. 519) 
Geranium sylvatienm and Dianthns superbus in this 
state ; and the female flowers of the former were of 
small size. So it is with Salvia pmteusis, as he informs 
me in a letter. 1 have received an additional account 
of Plantago lanceolata being gyno-dioeeious in England ; 
and J)r. V. Ludwig of Creiz has sent me a description 
of no loss than five forms of this plant which graduates 
into one another ; the intermediate forms being com- 
paratively rare, whilst the hermaphrodite form is tho 
commonest. With respect to the steps by which a 
gyno-di<eoious condition has been gained, II. Muller 
maintains by many able arguments (Jvosmos, 1877, 
pp. 23, 128 and 290) the view' which he has propounded ; 
and several botanists think it more probable than the 
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one advanced by me, see, for instance, Journal of Botany , 
Dec. 1877, p. 370. 

I have stated (p. 13) that after inquiring from several 
botanists 1 could hear of no instance, except a doubtful 
one, of plants in an andro-dicecious condition, or existing 
as hermaphrodite and male individuals. But H. Muller 
(Nature, Sept. 12, 1878, p. 159) has found on the Alps 
Veratrum album , Dryas octopetala and Geum reptans in 
this condition. It is an interesting fact that the corollas 
of the male flowers are not diminished in size like those 
of the females of gyno-dimcious plants. Asa Gray has 
also reason to suspect that Diospyros virginiana may 
l>e andro-d ? oeeious. 

The eighth chapter is devoted to cleistogamic flowers, 
and 1 have struck out of the list there inserted four 
genera, owing to information given me by Mr. Bent ham 
and Asa Gray. On tin? other hand, fifteen genera have 
been added. Mr. Bentliam informs me that the K. 
American Trifolium polymorphum produces true cleisto- 
gamic flowers. I)al ibarda, Milium and Villa have been 
added to the list on the authority of A. Gray in a re- 
view of this book in the American Journal of Science. 
The cleistogamic flowers of Danthonia are described by 
Pringle in the American Naturalist, , 1878, p. 248, and 
those of another Gramineous genus, Diplachne, by 
Ascherson in Sitznngsb. der (Sescll. Natur. Freunde, 
Berlin, Dec. 21, 1 SOD. Krascheninikovia has been added 
from some remarks made in Journal of Botany , 1877, 
]). 377. Batalin has published an essay (Act. Hort. 
IVtropol, tom. v., fuse. 2, 1878), “ Klcistogamische 
Bliithon ber Guryophylleen,” namely, on Cerastium and 
Polycarpon. F. Ludwig has described the cleistogamic 
flowers of Collomia grandiflora in ftitzb. Bot. Ycreins. 
Brandenburg, Aug. 25, 1870 : see also on same subject 
Scharlok in Bot. Zeitung, 1878, p. 041. A. Grisebach 



PREFACE. 


XI 


lias discussed fully (Nacliricliten k. (resell, dor Wisson. 
va\ Gottingen, June 1, 1878) the cleistogamie flowers 
produced by Card-amine chenopodi folia , which bury 
themselves in the ground. See also on same subject 
Drude in Sitzb. der Versamml. d. Nat-urf. in Cassel, 
1878. From a note received from Dr. Koehne it is 
clear that Ammannia latifolia bears cleistogamie flowers. 
According to Mr. Bcsscy (The American Naturalist , 
1878, j). 15!)) this is likewise the case with Lithosper - 
muni longiflorum. Three genera of Orckidea* have 
been added to the list, from information given me 
by Mr. Spencer Moore and from some remarks in 
Journal of Botany , 1877, p. o77. Lastly, Mr. Bennett 
has published (Journal Linn. Soc. Lot., No. 101, 1870) 
some additional “ notes on cleistogamie flowers,” chiefly 
on those of Viola and Impatiens. 

With respect to the statement (p. .°>2D) on the 
authority of Mr. Wallis, that Drosera rotund / [folia 
opens its flowers only early in the morning, Mr. 
Conybeare informs me that licence saw in Cornwall, 
at 2 P.M., the ground “ starred over with the fully- 
expanded flowers of this plant.” lb* had previously 
long endeavoured to find a plant with open flowers. 

The number of species in which pods produced by 
cleistogamie flowers bury themselves in the ground is 
remarkable. I have attributed (p. ooS) this action to 
the advantage gained by their protection from various 
enemies, and much may be said in favour of this view ; 
but Mr. W. Thiselton Dyer in an interesting article 
( Nature , April 4, 1878, p. 410) has called attention 
to some observations made* long ago by Mr. Bentham 
(Catalogue des Plantes indig. des Pyrenees, 1820, p. 85) 
on the fruiting of Helianthemum prostratum . He 
believes, as does Mr. Dyer, that the capsules of this 
Helianthemum and of some other plants (for instance, of 
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Cyclamen) are kept cool and moist by being laid 
on the ground ; they thus mature more slowly and 
are enabled to grow to a larger size. In this 
simple action wo probably see the first step to the 
further development of the process, and to the capsules 
burying themselves beneath the surface 4 . In some 
eases the difference between the subaerial and sub- 
terranean pods on the same plant and both produced by 
eleistoguniie flowers is extraordinary : Mr. Meehan sent 
me three subterranean pods of Amphiaarpwa monoica , 
each containing a single large seed ; and my own 
plants produced several subaerial pods, each containing 
from out* to three small seeds. These latter weighed 
on an average only J lT of the subterranean seeds! 
This difference, however, is not quite' accurate, as the 
coats of the subterranean pods adhered so firmly to the 
seeds that they were not removed and were weighed 
with them ; but from their thinness and lightness 
they could not have much affected the result. 
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the individuals of which exist under two or three 
forms, differing in the length of their pistils and 
stamens and in other respects. They were called by 
me dimorphic and trimorpliic, but have since been 
better named by Hildebrand, hetcrostyled.* As I 
have many still unpublished observations with respect 
to these plants, it has seemed to me advisable to re- 
publish my former papers in a connected and cor- 
rected form, together with the new matter. It will be 
shown that these hetcrostyled plants are adapted for 
reciprocal fertilisation ; so that the two or three forms, 
though all are hermaphrodites, are related to one 
another almost like the males and females of ordinary 
unisexual animals. 1 will also give a full abstract of 
such observations as have? been published since the 
appearance of my pipers ; but only those cases will be 
noticed, with respect to which the evidence seems fairly 
satisfactory. Some plants have been supposed to be 
hetcrostyled merely from their pistils and stamens 
varying greatly in length, and 1 have been myself 
more than once thus deceived. With some species the 


of the Proceedings of the Limicnn 
Society,* vol. vi. 1SU2, p. 77. 

“On the Existence of Two 
Forms, and on their Rccijtroenl 
Sexual Relation, in several S|»eeies 
of the Genus Limu.i.” Ibid. vol. 
vii. 18(53, p. (5l>. 

“ On the Sexual Relations of the 
Three Forms of Lijthnm salicaria. 1 
Ibid. vol. viii. IStM, j>. ]<»!>. 

“On the Character and Hybriil- 
likc Nature of the Offspring from 
the Illegitimate Unions of Dimor- 
phic and Trimorpliic Plants/’ 
Ibid. veil. x. 1 S(ib‘ f p. 

“On the Specific Differences 
between Trimnla reri* , Rrit. FI. 
(var. officinalis L!iii>.) v 7’. ruhjaris , 
Brit. FI. (var. acauli# , Linn.), und 


J\ clatior , Jacq. ; and on the 
Hybrid Nature of the Common 
Oxlip. With Supplementary Re- 
marks on Naturally Produced Hy- 
brids in the Genus Verbascum.” 
Ibid. vol. x. 1S( IS, p. 437. 

* The term “ hetcrostyled ” does 
not express all the differences be- 
tween the forms; hut this is a 
failure common in many cases. 
As the term has been adopted by 
writers in various countries, 1 am 
unwilling to change it for that of 
In U-rtHjoue or ln tvrof/avaun, though 
this has been proposed by so high 
an authority as Prof. Asa Gray; 
see the ‘American Naturalist,* 
Jan. 1877, p. 42. 
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pistil continues growing for a long time, so that if old 
and young flowers are compared they might ho thought 
to be lieterostyled. Again, a species tending to become 
dioecious, with the stamens reduced in some individuals 
and with the pistils in others, often presents a decep- 
tive appearance. Unless it be proved that one form 
is fully fertile only when it is fertilised with pollen 
from another form, we have not complete evidence 
that the species is lieterostyled. Ihit when the pistils 
and stamens differ in length in two or three sets of 
individuals, and this is accompanied by a difference in 
the size of the pollen-grains or in the state of the 
stigma, we may infer with much safety that the species 
is lieterostyled. I have, however, occasionally trusted 
to a difference between the two forms in the length 
of the pistil alone, or in the length of the stigma 
together with its more or loss papillose eondilion ; and 
in one instance differences of this kind have been 
proved by trials made on the fertility of the two forms, 
to be sufficient; evidence. 

The second sub-group above referred to consists of 
hermaphrodite plants, which bear two kinds of flowers 
— the one perfect and fully expanded — the other mi- 
nute, completely closed, with the petals rudimentary, 
often with some of the anthers aborted, and the re- 
maining ones together with the stigmas much reduced 
in size; yet these flowers are perfectly fertile. They 
have been called by Dr. Kulm* eleistogamic, and they 

* * Rotunisohc Zeitung,* 1807, partakes of the nature ol a mow- 
p. 65. Several plants are known strosity. All the flowers on the 
occasionally to produce flower Mime plant are commonly afl’ected 
destitute of a corolla; hut limy in the same manner. Such ease.", 
belong to a different class of though they have sometimes been 
cases from eleistogamic flowers. ranked as eleistogamic, do not 
This dc-iicieney seems to result come within our prow ut scope : 
from the conditions In which the see Dr. Maxwell Musters, ‘Vojm- 
plunts have been subjected, and table Teratology,’ l86t>, p. -lOUL 

ii 2 
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will be described in the last chapter of this volume. 
They are manifestly adopted for self-fertilisation, which 
is effected at the cost of* a wonderfully small expendi- 
ture of pollen ; whilst the perfect flowers produced by 
the same plant are capable of cross-fertilisation. Cer- 
tain aquatic, species, when they flower beneath the 
water, keep tin sir corollas closed, apparently to protect 
their pollen ; they might therefore be called eleisto- 
gamic, but for reasons assigned in the proper place are 
not included in the present sub-group. Several cleis- 
togamie, species, as we shall hereafter secs bury their 
ovaries or young capsules in the ground. Some few 
plants produce subterranean flowers, as well as ordinary 
ones ; and these might have been formed into a small 
separate subdivision. 

Another interesting subdivision consists of certain 
plants, discovered by II. Muller, some individuals 
of which bear conspicuous flowers adapted for cross- 
fertilisation by the aid of insects, and others much 
smaller and less conspicuous flowers, which have often 
been slightly modified so as to ensure sell -fertilisation. 
Lifsimachia vulyavis , Euphrasia officinalis , llhirianthus 
crista-f/alli, and Viola tricolor come under this head.* 
The smaller and less conspicuous flowers are not closed, 
but as far as the purpose which they servo is con- 
cerned, namely, the assured propagation of the species, 
they approach in nature eleistogamic flowers; but they 
differ from them by the two kinds being produced on 
distinct plants. 

With many plants, tin* flowers towards the outside of 
the inflorescence arc much larger and more conspicu- 
ous than the central ones. As I shall not have occa- 

* H.Miillor, ‘Nature,’ Sept. 25, ‘Dio Befniclitung der Blumen,* 
1873 (vol. viii.), p. 433, and Nov. &c., 1S73, p. 234. 

20, 1873 (.vol. ix.), p. 44. Also 
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sion to refer to plants of this kind in the following 
chapters, I will here give a few details respecting them. 
It is familiar to every one that the ray-florets of the 
Composite often differ remarkably from the others ; and 
so it is with the outer flowers of many Urn bell ifora\ 
some Cruciform and a few other families. Several 
species of Hydrangea and Viburnum offer striking 
instances of the same fact. The llubiaceous genus 
Mussamda presents a very curious appearance from 
some of the flowers having the tip of one of the sepals 
developed into a large petal -like expulsion, coloured 
either white or purple. The outer flowers in several 
Acanthaceous genera are large and conspicuous, but 
sterile; tin? next in order art' smaller, open, moderately 
fertile and capable of cross-fertilisation; whilst the 
central ones art' eleistogamie, being still smaller, closed 
and highly fertile; so that here flit' inflorescence con- 
sists of three kinds of flowers.* From what we know 
in other cases of the use of the corolla, colon ret I braoteu?, 
&c., and from what 11. Muller has observed} on the 
frequency of the visits of insects to the flower-heads of 
the U mbellifene and Composite being largely deter- 
mined by their conspicuousncss, there can be lit) doubt 
that the increased size of the corolla of the outer 
flowers, the inner ones being in all the above eases 
small, serves to attract insects. The result is that 
cross-fertilisation is thus favoured. Most flowers wither 
soon after being fertilised, but Hildebrand states} that 
the ray-florets of the Composite last for a long time, 
until all those on the disc are impregnated ; and this 
clearly shows the use of the former. The ray-florets, 

* J. Scott, ‘ Journal of Botany,* men,’ pp. 108, 412. 

London, new series, vol. i. 1872, X See bis interesting memoir, 
pp. 101-104. ‘IJuberdieGescJileclitsverliiiltnisso 

t * Die Befrucbtung dor Blu- bei den Composite!!,’ 1800, p. 02. 
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however, are of service in another and very different 
manner, namely, by folding inwards at night and 
during cold rainy weather, so as to protect the florets 
of the disc.* Moreover they often contain matter 
which is excessively poisonous to insects, as may be 
seen in the use of flea-powder, and in the case of 
Pyrethruni, M. Bclhommc has si i own that the ray- 
florets are more poisonous than the disc-florets in the 
ratio of about three to two. We may therefore believe 
that the ray-florets are useful in protecting the flowers 
from being gnawed by insects/)* 

It is a well-known yet remarkable fact that the cir- 
cumferential flowers of many of the foregoing plants 
have both their male and female reproductive organs 
aborted, as with the Hydrangea, Viburnum and certain 
Composite; or the male organs alone are aborted, as 
in many Composite. Between the sexless, female and 
hermaphrodite states of these latter flowers, the finest 
gradations may be traced, as Hildebrand has shown.} 
lie also shows that there is a close relation between 
the size of the corolla in the ray-florets and the degree 
of abortion in their reproductive organs. As we have 
good reason to believe that these florets are highly 
serviceable to the plants which possess them, more 
especially by rendering the flower-heads conspicuous 


* lvcmer clearly shows that 
this is the ease : ‘ Die Scliutzinittol 
des Pollens/ 1878, l>. 28. 

t ‘Gardener’s Chronicle/ 1801, 
p. 10(57. Lindley, ‘Vegetable 
Kingdom/ on Chrysanthemum, 
1858, p. 70 G. Kerncr in his in- 
teresting essay Die Scliutzmittel 
der JBliithcn gegen unberufene 
Gaste/ 1875, p. 10) insists that 
the petals of most plants contain 
matter which is offensive to in- 
sects, so that they are seldom 


gnawed, and thus the organs of 
fructification are protected. My 
grandfather in 1700 (‘Loves of 
the Plants/ canto iii. note to lines 
184, 1SS) remarks that “The 
flowers or petals of plants are 
perhaps in general more acrid 
than tlieir leaves; lienee they are 
inueli seldomer oaten by insects.” 

X ‘ Ueber die Gesclilechtsvcr- 
liiiltnisse hei den Compositen/ 
18(50, pp. 78-91. 



INTRODUCTION. 


7 


to insects, it is a natural inference that their corollas 
have been increased in size lor this special purpose ; 
aud that their development has subsequently led, 
through the principle of compensation or balance- 
merit, to the more or less complete reduction of the 
reproductive organs. But an opposite view may be 
maintained, namely, that the reproductive organs 
first began to fail, as often happens under cultiva- 
tion,* and, as a consequence, the corolla became, 
through compensation, more highly developed. This 
view, however, is not probable, for when hermaphrodite 
plants become di mourns or gyno-dimeious — that is, 
are converted into hermaphrodites and females — the 
corolla of the female seems to be almost invariably 
reduced in size in consequence of the abortion of the 
male organs. The difference in the result in these two 
classes of oases, may perhaps bo accounted for by the 
matter saved through the abortion of the male organs in 
the females of gyno-dimeious and dioecious plants being 
directed (as wc shall see in a future chapter) to the for- 
mation of an increased supply of seeds; whilst in the 
case of the exterior florets and flowers of the plants 
which we are here (tonsidering, such matter is expended 
in the development of a conspicuous corolla. Whether 
in the present class of cases the corolla was first af- 
fected, as seems to me the more probable view, or the 
reproductive organs first failed, their states of develop- 
ment are now firmly correlated. We see this well illus- 
trated in Hydrangea and Viburnum ; for when these 
plants are cultivated, the corollas of both the interior 
and exterior flowers become largely developed, and 
their reproductive organs are aborted. 

* I have discussed this subject xviii. 2nd edit. vol. ii. pp. 152, 
in my * Variation of Animals and 156. 

Plants under Domestication.' chap. 
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There is a closely analogous subdivision of plants, 
including the genus Muscari (or Feather Hyacinth) 
and the allied Bellevalia, which bear both perfect 
flowers and closed bud-like bodies that never expand. 
The latter resemble in this respect cleistogamic 
flowers, but differ widely from them in being sterile 
and conspicuous. Not only the aborted flower-buds 
and their peduncles (which are elongated apparently 
through the principle of compensation) are brightly 
coloured, but so is the upper part of the spike — 
all, no doubt, for the sake of guiding insects to the 
inconspicuous perfect flowers. From such cases as 
these we may pass on to certain Labiate, for instance, 
Salvia Ilorniinnm , in which (as 1 hear from Mr. Thisel- 
ton Dyer) the upper bracts are enlarged and brightly 
coloured, no doubt for the same purpose as before, with 
the flowers suppressed. 

In the Carrot and some allied Umbelliferae, the cen- 
tral flower has its petals somewhat enlarged, and these 
are of a dark purplish -red tint; but it cannot be sup- 
posed that this one small flower makes the large white 
umbel at all more conspicuous to insects. The cen- 
tral flowers are said* to be neuter or sterile, but I 
obtained by artificial fertilisation a seed (fruit) appa- 
rently perfect from one such flower. Occasionally two 
or three of the flowers next to the central one are simi- 
larly characterised; and according to Vauchcrt “ cette 
singulierc degeneration s’etend quelquefois a rombelle 
entiere.” That the modified central flower is of no 
functional importance to the plant is almost certain. 
It may perhaps be a remnant of a former and ancient 
condition of the species, when one flower alone, the 

* ‘The English Flora,’ by Sir d'Europe,’ 1841, tom. ii. p. 614. 
J. E. Smith, 1824, \ol. ii. p. 39. On the Echinophora, p. 627. 

f ‘Hist. Pliys. dos Plantes 
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central one, was female and yielded seeds, as in the 
umbelliferous genus Echinophora. There is nothing 
surprising in the central flower tending to retain its 
former condition longer than the others ; for when ir- 
regular flowers become regular or pelorie, they are apt 
to be central ; and such pelorie flowers apparently owe 
their origin either to arrested development — that is, to 
the preservation of an early stage of development — or 
to reversion. Central and perfectly developed flowers 
in not a few plants in their normal condition (for in- 
stance, the common Hue and Adoxa) differ slightly in 
structure, as in the number of the parts, from the other 
flowers on the same plant. All such cases seem con- 
nected with the fact of the bud which stands at the 
end of the shoot being better nourished than the 
others, as it receives the most sap.* 

The eases hitherto mentioned relate to hermaphro- 
dite species which bear differently constructed flowers; 
but there are some plants that produce differently 
formed seeds, of which Dr. Kuhn has given a list.t 
With the Umbellifene and Composite, the flowers that 
produce these seeds likewise differ, and the differences 
in the structure of the seeds are of a very important 
nature. The causes which have led to differences in 
the seeds on the same plant are not known ; and it is 
very doubtful whether they subserve any special end. 

We now come to our second Class, that of monoecious 
species, or those which have their sexes separated but 
borne on the same plant. The flowers necessarily 
differ, but when those of one sex include rudiments 

* This whole subject, including Domestication, * chap. xxvi. 2nd 
pclorism, has been discussed, and edit. vol. ii. p. 338. 
references given, in my ‘ Variation f 1 Bot. Zeitung,’ 1867, p. 67. 
of Animals and TJants under 
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of the other sex, the difference between the two kinds 
is usually not great. When the difference is great, 
as we see in catkin-bearing plants, this depends 
largely on many of the species in this, as well as in 
the next or dioecious class, being fertilised by the 
aid of the wind ;* for the male flowers have in this 
case to produce a surprising amount of incoherent 
pollen. Some few monoecious plants consist of two 
bodies of individuals, with their flowers differing in 
function, though not in structure ; for certain indivi- 
duals mature their pollen before the female flowers on 
the same plant are ready for fertilisation, and are called 
proterandrous ; whilst conversely other individuals, 
called proterogynous, have their stigmas mature before 
their pollen is ready. The purposet of his curious func- 
tional difference obviously is to favour the cross-fertili- 
sation of distinct plants. A case of this kind was first 
observed by Delpino in the Walnut (Juglans regia), and 
has since been observed with the common Nut {Corylus 
avellana). According to H. Muller the individual 
plants of a few hermaphrodite species differ in a like 
maimer ; some being proterandrous and others pro- 
terogynous.t On cultivated trees of the Walnut and 
Mulberry, the male flowers have been observed to abort 
on certain individuals J, which have thus been converted 
into females ; but whether there are any species in a 
state of nature which co-exist as monoecious and female 
individuals, I do not know. 

The third Class consists of dioecious species, and the 

* Delpino, ‘ Studi soprn uno xi. p. 507, and 1875, p. 26. On 
Lignaggio Ancmofilo.’ Firenze, proterandrous and proterogynous 
1871. hermaphrodite individuals of the 

f Delpino, ‘ Ult. Osservazioni same species, see H. Muller, ‘ Die 
sulla Dicogomia,’ part ii. fasc. ii. Bef^uchtung, , &c., pp. 285, 339. 
p. 337. Mr. Wotterhan and H. X 4 Gardener’s Chron.’ 1847, pp. 
Miiller on Corylus, ‘ Nature,’ vol. 541, 558. 
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remarks made under the last class with respect to the 
amount of difference between the male and female 
flowers are here applicable. It is at present an in- 
explicable fact that with some dioecious plants, of 
which the liestiaccfe of Australia and the Cape of 
Good Hope offer the most striking instance, the dif- 
ferentiation of the sexes has affected the whole plant 
to such an extent (as I hear from Mr. Thiselton IJyer) 
that Mr. Bentham and Professor Oliver have often 
found it impossible to match the male and female spe- 
cimens of the same species. In my seventh chapter 
some observations will be given on the gradual con- 
version of hetcrostyled and of ordinary hermaphrodite 
plants into dioecious or sub-diujeious species. 

The fourth and last Class consists of the plants which 
were called polygamous by Linmcus; but it appears to 
me that it would be convenient to coniine this term to 
the species w hich co-exist as hermaphrodites, males and 
females; and to give new names to several other com- 
binations of the sexes — a plan which 1 shall here 
follow. Polygamous plants, in this confined sense of 
the term, may be divided into two sub-groups, accord- 
ing as the three sexual forms are found on the same 
individual or on distinct individuals. Of this latter or 
trioicous sub-group, the common Ash ( Fraxinus ex- 
celsior) offers a good instance : thus, I examined during 
the spring and autumn fifteen trees growing in the 
same field ; and of these, eight produced male flowers 
alone, and in the autumn not a single seed ; four pro- 
duced only female flowers, which set an abundance of 
seeds ; three were hermaphrodites, which had a dif- 
ferent aspect from the other trees whilst in flower, and 
two of them produced nearly as many seeds as the 
female trees, whilst the third produced none, so that it 
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was in function a male. The separation of the sexes, 
however, is not complete in the Ash ; for the female 
flowers include stamens, which drop off at an early 
period, and their anthers, which never open or dehisce, 
generally contain pulpy matter instead of pollen. On 
some female trees, however, I found a few anthers con- 
taining poll cm -grains apparently sound. On the male 
trees most of the flowers include pistils, but these like- 
wise drop off at an early period ; and the ovules, which 
ultimately abort, are very small compared with those 
in female flowers of the same age. 

Of the other or monoieous sub-group of polygamous 
plants, or those which bear hermaphrodite, male and 
female flowers cm the same individual, the common 
Maple (Acer campestre) offers a good instance; but 
Lecoq states * that some trees are truly dioecious, and 
this shows how easily one state passes into another. 

A considerable number of plants generally ranked 
as polygamous exist under only two forms, namely, as 
hermaphrodites and females ; and these may be called 
gyno-dicecious, of which the common Thyme offers a 
good example. In my seventh chapter I shall give 
some observations on plants of this nature. Other 
species, for instance several kinds of Atriplex, bear on 
the same plant hermaphrodite and female flowers ; and 
these might be called gyno-moncecious, if a name were 
desirable for them. 

Again there are plants which produce hermaphrodite 
and male flowers on the same individual, for in- 
stance, some species of Galium, Veratrum, &c. ; and 
these might be called andro-moncecious. If there 
exist plants, the individuals of which consist of her- 1 
mapkrodites and males, these might be distinguished 


* 4 Geographic Botanique,’ tom. v. p. 367. 
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as andro-dioecious. But, after making inquiries from 
several botanists, I can bear of no suck cases. Lecoq, 
however, states,* but without entering into full details, 
that some plants of Galtha palustris produce only male 
flowers, and that these live mingled with the her- 
maphrodites. The rarity of such cases as this last one 
is remarkable, as the presence of hermaphrodite and 
male flowers on the same individual is not an un- 
usual occurrence ; it would appear as if nature did 
not think it worth while to devote a distinct indi- 
vidual to the production of pollen, excepting when 
this was indispensably necessary, as in the case of 
dioecious species. 

I have now finished my brief sketch of the several 
cases, as far as known to mo, in which flowers differing 
in structure or in function are produced by the same 
species of plant. Full details will be given in the fol- 
lowing chapters with respect to many of these plants. 
I will begin with the lieterostyled, then pass on to 
certain dioecious, sub-dicecious, and polygamt ms species, 
and end with the eleistogamic. For the convenience of 
the reader, and to save space, the less important cases 
and details have been printed in smaller type. 

I cannot close this Introduction without expressing 
my warm thanks to Dr. Hooker for supplying me with 
specimens and for other aid ; and to Mr. Tliiselton 
Dyer and Professor Oliver for giving me much in- 
formation and other assistance. Professor Asa Gray, 
also, has uniformly aided me in many ways. To Fritz 
Muller of St. Oatharina, in Brazil, I am indebted lor 
^ many dried flowers of lieterostyled plants, often accom- 
panied with valuable notes. 


* ‘ Geograpliie Botauique,’ tom. iv. p. 488. 
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CHAPTER I. 


IIeteiiosttled Dimorphic Plants : Primula cea;. 


Primnla veris or the Cowslip— Differences in structure between the 
two forms — Their decrees of fertility when legitimately and ille- 
gitimately united — ]\ elatior, vulgaris, Sinensis, auricula, <fcc. — 
Summary on the fertility of the heterostyled species of Primula — 
nomostyled sjujoies of Primula — Uoltonia palustris — Amlrosace 
Vitalliana. 


It lias long been known to botanists that the common 
Cowslip {Primula veris, Brit. Flora, var. officinalis, 
Lin.) exists under two forms, about equally numerous, 
which obviously differ from each other in the length 
of their pistils and stamens.* This difference has 
hitherto been looked at as a case of more varia- 
bility, but this view, as we shall presently see, is far 
from the true one. Florists who cultivate the Polyan- 
thus and Auricula have 4 long been aware of the two 
kinds of dowers, and they call the plants which dis- 
play the globular stigma at the mouth of the corolla, 
“pin-headed” or “pin-eyed,” and those which display 
the anthers, “ thrum-eyed.” t 1 will designate the two 
forms as the long-styled and short-styled. 

Tin* pistil in the long-styled form is almost exactly 
twice as long as that of the short-styled. The stigma 


* Thitf liu-t, according to von 
Mold pilot. Zeitmig,’ J Stitt, p. tt2ti) 
was first observed by Persoon in 
the year 17'J4. 

f In Johnson’s Dictionary, 
thrum is said to be the ends of 
weavers’ threads ; and 1 suppose 


that som weaver who cultivated 
the polya thus invented this name, * 
from being struck with some degree 
of rcsenf .mice between the cluster 
of antht s in the mouth of the 
corolla nd the cuds of his 
threads. 
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stands in the mouth of the corolla or projects just 
above it, and is thus externally visible. It stands 
high above the anthers, which are situated halfway 
down the tube and cannot be easily seen. In the 
short-styled form the anthers are attached near the 
mouth of the tube, and therefore stand above the 
stigma, which is seated in about the middle of the 
tubular corolla. The corolla itself is of a different 


Fig. 1. 



shape in the two forms; the throat or expanded 
portion above the attachment of the anthers being 
much longer in the long-styled than in the short- 
styled form. Village children notice this difference, 
as they can best make necklaces by threading and 
slipping the corollas of the long-styled flowers into 
one another. But there are much more important 
differences. The stigma in the long-styled form 
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is globular; in the short-styled it is depressed on 
the summit, so that the longitudinal axis of the 
former is sometimes nearly double that of the latter. 
Although it is somewhat variable in shape, one differ- 
ence is persistent, namely, roughness : in some speci- 
mens carefully compared, the papillae which render 
the stigma rough were in the long-styled form from 
twice to thrice as long as in the short-styled. The 
anthers do not differ in size in the two forms, which 
I mention because this is the case with some hetero- 
styled plants. The most remarkable difference is in 
the pollen-grains. I measured with the micrometer 
many specimens, both dry and wet, taken from plants 
growing in different situations, and always found a 
palpable difference. The grains distended with water 
from the short-styled flowers were about *0118 mm. 

( VooV an in diameter, whilst those from the 

long-styled were about *0254 mm. (y~ 0 - of an inch), 
which is in the ratio of 100 to G7. The pollen -grains, 
therefore from the longer stamens of the short-styled 
form are plainly larger than those from the shorter 
stamens of the long-styled. When examined dry, 
the smaller grains are seen under a low power to 
be more transparent than the larger grains, and 
apparently in a greater degree than can be ac- 
counted for by their less diameter. There is also a 
difference in shape, the grains from the short-styled 
plants being nearly spherical, those from the long- 
styled being oblong with the angles rounded; this 
difference disappears when the grains are distended 
with water. The long-styled plants generally tend 
to flower a little before the short-styled : for instance 1 
I had twelve plants of each form growing in separate 
pots and treated in every respect alike ; and at the 
time when only a single short-styled plant was in 
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flower, seven of the long-styled had expanded their 
flowers. 

We shall, also, presently see that the short-styled 
plants produce more seed than the long-styled. It is 
remarkable, according to Prof*. Oliver,* that the ovules 
in the unexpanded and unimpregnated flowers of the 
latter are considerably larger than those of the short- 
styled flowers; and this I suppose is connected with 
the long-styled flowers producing fewer seeds, so 
that the ovules have more space and nourishment for 
rapid development. 

To sum up the differences : — The long-styled plants 
have a much longer pistil, with a globular and much 
rougher stigma, standing high above the anthers. The 
stamens are short; the grains of pollen smaller and 
oblong in shape. The upper half of the tube of the 
corolla is more expanded. The number of seeds pro- 
duced is smaller and the ovules larger. The plants 
tend to flower first. 

The short-styled plants have a short pistil, half the 
length of the tube of the corolla, with a smooth de- 
pressed stigma standing beneath the anthers. The 
stamens are long; the grains of pollen are spherical 
and larger. The tube of the corolla is of uniform 
diameter except close to the upper end. The number 
of seeds produced is larger. 

I have examined a large number of flowers; and 
though the shape of the stigma and the length of the 
pistil both vary, especially in the short-styled form, 1 
have never met with any transitional states between 
the two forms in plants growing in a state of nature 4 . 
There is never the slightest doubt under which form a 
plant ought to be classed. The two kinds of flowers arc 


* ‘Nut. Hist. Review,’ Julyl8G2, p. 237. 
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never found on the same individual plant. I marked 
many Cowslips and Primroses, and on the following 
year all retained the same character, as did some in my 
garden which flowered out of their proper season in the 
autumn. Sir. W. Wooler, of Darlington, however, in- 
forms us that he has seen early blossoms on the Polyan- 
thus,* which were not long-styled, but became so later 
in the season. Possibly in this case the pistils may not 
have been fully developed during the early spring. An 
excellent proof of the permanence of the two forms may 
be seen in nursery-gardens, where choice varieties of 
the Polyanthus are propagated by division ; and I found 
whole bods of several varieties, each consisting exclu- 
sively of the one or the other form. The two forms exist 
in the wild state in about equal numbers: I collected 
o22 umbels from plants growing in several stations, 
talcing a single umbel from each plant; and 241 wore 
long-styled, and 281 short-styled. No difference in 
tint or size could be perceived in the two great masses 
of flow ers. 

We shall presently see that most of the species of 
Primula exist under two analogous forms; aud it may 
be asked what is the meaning of the above-described 
important differences in their structure? The ques- 
tion seems well worthy of careful investigation, and I 
will give my observations on the cowslip in detail. 
The first idea which naturally occurred to me was, 
that this species was tending towards a dioecious 
condition; that the long-styled plants, with their 
longer pistils, rougher stigmas, and smaller pollen- 
grains, were more feminine in nature, and would pro- 
duce more seed ; — that the short-styled plants, witR 
their shorter pistils, longer stamens and larger pol- 

* I have proved by numerous that the Polyanthus is a variety 
experiments, hereafter to be giveu, of Primula vtria. 



€iiap. I. 


PRIMULA VERIS. 


ID 

len-grains, were more masculine in nature. Accord- 
ingly, in 1860, 1 marked a few cowslips of both forms 
growing in my garden, and others growing in an 
open field, and others in a shady wood, and gathered 
and weighed the seed. In all the lots the short- 
styled plants yielded, contrary to my expectation, most 
seed. Taking the lots together, the following is the 
result : — 

Table 1. 

X umber Number j Number Weight 
of of Umbels <>r Capsules of Seed in 

Hunts. produced, j produced. ; grains. 

Short-styled cowslips ... 0 

Long-styled cowslips ... l.‘> 

If we compare the weight from an equal number of 
plants, and from an equal number of umbels, and from 
an equal number of capsules of the two forms, we get 
the following results : — 


Table 2. 


Number! . Number : Weight ■Numl*or 

of j 01 ~'‘ d of ! of | ot Cap- 
Hunts. ; Umbels. ! Seed. 


w nun i 
of Seed 


Short-styled cowslips . 

10 | 

1 02 

100 | 

251 

100 

41 

Long-styled cowslips . 

io 

70 

100 1 

178 

100 

:4 


So that, by all these standards of comparison, the 
short-styled form is the more fertile ; if we take the 
ijumber of umbels (which is the fairest standard, for 
large and small plants are thus equalised), the short- 
styled plants produce more seed than the long-styled, 
in the proportion of nearly four to three. 

In 1861 the trial was made in a fuller and fairer 
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manner. A number of wild plants had been trans- 
planted during the previous autumn into a large bed 
in my garden, and all were treated alike ; the result 
was — 

TABLE 3. 



Number 

Number 

j Weight 



of 

of 

of Seed in 


Plants. 

Umbels. 

! grains. 

Short-styled cowslips . 

47 

173 

i 745 

Long-styled cowslips . 

58 

i 

208 

! 692 


These figures give us the following proportions: — 
Table 4. 


— 

NumtHT 

of 

Plants. 

Weight 
of Seed ill 
i grains. 

Number 

of 

Umljels. 

Weight 
of Seed in 
grains. 

Short-styled cowslips . 

! 100 

1585 ; 

100 

430 

Long-styled cowslips . 

100 1 

1093 |i 

100 

332 


The season was much more favourable this year than 
the last ; the plants also now grew in good soil, instead 
of in a shady wood or struggling with other plants in 
the open lield ; consequently the actual produce of 
seed was considerably larger. Nevertheless we have 
the same relative result; for the short-styled plants 
produced more seed than the long-styled in nearly the 
proportion of three to two; but if we take the fairest 
standard of comparison, namely, the product of seeds 
from an equal number of umbels, the excess is, as in 
the former case, nearly as four to three. f 

Looking to these trials made during two successive 
years on a large number of plants, we may safely con- 
clude that the short-styled form is more productive 
than the long-styled form, and the same result holds 
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good with some other species of Primula. Conse- 
quently my anticipation that the plants with longer 
pistils, rougher stigmas, shorter stamens and smaller 
pollen-grains, would prove to be more feminine in 
nature, is exactly the reverse of the truth. 

In 18G0 a few umbels on some plants of both the 
long-styled and short-styled form, which had been 
covered by a net, did not produce any seed, though 
other umbels on the same plants, artificially fertilised, 
produced an abundance of seed ; and this fact shows 
that the mere covering in itself was not injurious. 
Accordingly, in 1861, several plants were similarly 
covered just before they expanded their flowers ; these 
turned out as follows : — 


Table 5 . 


— 

Number 

of 

Plants. 

1 Number 1 
of Umbels | 
produced. I 

Product of Seed. 

Short-styled . . . 

6 

1 

24 

fl*3 grain weight of seed, 

\ or about 50 in number. 

Long-styled . . # 

18 

74 

Not one seed. 


Judging from the exposed plants which grew all round 
in the same bed, and had been treated in the same 
manner, excepting that they had been exposed to 
the visits of insects, the above six short-styled plants 
ought to have produced 92 grains’ weight of seed 
instead of only 1*3; and the eighteen long-styled 
plants, which produced not one seed, ought to have 
^produced above 200 grains’ weight. The production of 
a few seeds by the short-styled plants was probably due 
to the action of Thrips or of some other minute insect. 
It is scarcely necessary to give any additional evidence, 
but I may add that ten pots of polyanthuses and 
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cowslips of both forms, protected from insects in my 
greenhouse, did not set one pod, though artificially 
fertilised flowers in other pots produced an abundance. 
We thus see that the visits of insects are absolutely 
necessary for the fertilisation of Primula veris. If the 
corolla of the long-styled form had dropped off, in- 
stead of remaining attached in a withered state to 
the ovarium, the anthers attached to the lower part of 
the tube with some pollen still adhering to them 
would have been dragged over the stigma, and the 
flowers would have been partially self-fertilised, as is 
the case with Primula Sinensis through this means. 
It is a rather curious fact that so trifling a difference 
as the falling-off of the withered corolla, should make 
a very great difference in the number of seeds pro- 
duced by a plant if its flowers are not visited by 
insects. 

The flowers of the cowslip and of the other species of 
the genus secrete plenty of nectar ; and I have often 
seen humble-bees, especially B. hortorum and muscorum, 
sucking the former in a proper manner,* though they 
sometimes bite holes through the corolla. No doubt 
moths likewise visit the flowers, as one of my sons 
caught Cucullia verbasci in the act. The pollen readily 
adheres to any thin object which is inserted into a 
flower. The anthers in the one form stand nearly, but 
not exactly, on a level with the stigma of the other; 
for the distance between the anthers and stigma in the 
short-styled form is greater than that in the long- 
styled, in the ratio of 100 to 90. This difference is 
the result of the anthers in the long-styled form 
standing rather higher in the tube than does the 
stigma in the short-styled, and this favours their 


* H. Muller has also seen An - sucking the flowers. ‘ Nature,* 
thophora pilijm and a Bombylius Dec. 10th, 1874, p. 111. 
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pollen being deposited on it. It follows from tlie 
position of the organs that if the proboscis of a 
dead hnmble-bee, or a thick bristle or rough needle, 
be pushed down the corolla, first of one form and 
then of the other, as an insect would do in visiting 
the two forms growing mingled together, pollen from 
the long-stamened form adheres round the base of 
the object, and is left with certainty on the stigma 
of the long-styled form ; whilst pollen from the short 
stamens of the long-styled form adheres a little way 
above the extremity of the object, and some is 
generally left on the stigma of the other form. In 
accordance with this observation I found that the 
two kinds of pollen, which could easily be recog- 
nised under the microscope, adhered in this manner 
to the proboscides of the two species of humble- 
bees and of the moth, which were caught visiting 
the flowers; but some small grains were mingled 
with the larger grains round the base of the proboscis, 
and conversely some large; grains with the small 
grains near the extremity of the proboscis. Thus 
pollen will be regularly carried from the one form 
to the other, and they will reciprocally fertilise one 
another. Nevertheless an insect in withdrawing its 
proboscis from the corolla of the long-styled form 
cannot fail occasionally to leave pollen from the same 
flower on the stigma; and in this case there might 
be self-fertilisation. But this will be much more 
likely to occur with the short-styled form ; for when 1 
inserted a bristle or other such object into the corolla 
of this form, and had, therefore, to pass it down be- 
tween the anthers seated round the mouth of the 
corolla, some pollen was almost invariably carried 
down and left on the stigma. Minute insects, such 
as Thrips, which sometimes haunt the flowers, would 
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likewise be apt to cause the self-fertilisation of both 
forms. 

The several foregoing facts led me to try the effects 
of the two kinds of pollen on the stigmas of the 
two forms. Four essentially different unions are pos- 
sible; namely, the fertilisation of the stigma of the 
long-styled form by its own-form pollen, and by that 
of the short-styled ; and the stigma of the short-styled 
form by its own-form pollen, and by that of the long- 
styled. The fertilisation of either form with pollen from 
the other form may be conveniently called a legitimate 
union, from reasons hereafter to be made clear ; and that 
of either form with its own-form pollen an illegitimate 
union . I formerly applied the term “ heteromorphic ” 
to the legitimate unions, and “ homomorphic ” to the 
illegitimate unions; but after discovering the exist- 
ence of trimorphic plants, in which many more unions 
are possible, these two terms ceased to be applicable. 
The illegitimate unions of both forms might have been 
tried in three ways ; for a flower of either form may be 
fertilised with pollen from the same flower, or with that 
from another flower on the same plant, or with that 
from a distinct plant of the same form. But to make 
my experiments perfectly fair, and to avoid any evil 
result from sclf-leTtilisation or too close interbreeding, 
I have invariably employed pollen from a distinct 
plant of the same form for the illegitimate unions of 
all the species ; and therefore it may be observed that 
I have used the term “ own-form pollen ” in speaking 
of such unions. The several plants in all my experi- 
ments were treated in exactly the same manner, and 
were carefully protected by fine nets from the access of 
insects, excepting Thrips, which it is impossible to ex- 
clude. I performed all the manipulations myself, and 
weighed the seeds in a chemical balance ; but during 
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many subsequent trials I followed the more accurate 
plan of counting the seeds. Some of the capsules con- 
tained no seeds, or only two or three, and these are 
excluded in the column headed “ good capsules ” in 
several of the following tables : — 

Table G. 


Primula veris. 


Nature of the Union. 

Number 

of 

Flowers 

fertilised. 

Total 

Number 

of 

Capsules 

produced. 

Number 
of good 
Capsules. 

Weight 
of Seed in 
grains. 

Calculated 
Weight of 
Seed from 
100 good 
Capsules. 

Long-styled by pollen j 
of short-styled. Le-> 
gitimate union . . j 

22 

□ 

14 

8-8 

62 

Long-styled by own- J 
form pollen. Ille-' 
gitimate union . . ) 

20 

8 

5 

2*1 

42 

Short-styled by pollen 1 

of long-styled. Le->; 13 

gitimate union . . ) ! 

12 

11 

4*9 

44 

Short-styled by own-1 
form pollen. Ille- > 
gitimate union. . j 

» 

. 

6 

1*8 

30 

Summary : 

The two legitimate! 
unions . . . ./ 

35 

27 

l 

25 

13-7 

54 

The two illegitimate! 
unions . . . ./ 

35 

18 

11 

3*9 

35 


The results may be given in another form (Table 7) 
by comparing, first, the number of capsules, whether 
good or bad, or of the good alone, produced by 100 
flowers of both forms when legitimately and illegiti- 
mately fertilised; secondly, by comparing the weight 
of seed in 100 of these capsules, whether good or bad ; 
or, thirdly, in 100 of the good capsules. 
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Table 7. 


Nature of the 
Union. 

“ r Number Number Weight 

Flowers r of n j °b pood of ^ cd 

f fT - f Cu P* ! Ctt P- »» 

tiliac<l. ! BUl(:s * ! Rules, grains. 

Number 

of 

°*p- 

sules. 

11 1 

Weight Number! Weight 
of Seed j of good | of Seed 
in ■ j Cap- ! In 
grains. [ sules. ! grains. 

The two le-j 
g i t i m ate l 
unions . | 

100 1 77 ■ 71 39 ! 100 j 50 j lOU 54 

The two il-j 
legitimated 
unions . ) 

100 

45 31 11 

; ! 

100 : 24 ; 

100 35 


We here see that the lung-styled flowers fertilised 
with pollen from the short-styled yield more capsules, 
especially good ones (i.e. continuing more than one 
or two seeds), and that these capsules contain a greater 
proportional weight of* seeds than do the flowers of the 
long-styled when fertilised with pollen from a distinct 
plant of the same form. So it is w ith the short-styled 
flowers, if treated in an analogous manner. Therefore 1 
have called the former method of fertilisation a legiti- 
mate union, and the Litter, as it fails to yield the full 
complement of capsules and seeds, an illegitimate 
union. These two kinds of union are graphically re- 
presented in Fig. 2. 

If w r e consider the results of the two legitimate 
unions taken together and the two illegitimate ones, 
as shown in Table 7, we see that the former com- 
pared with the latter yielded capsules, whether con- 
taining many seeds or only a few, in the proportion of 
77 to 45, or as 100 to 58. But the inferiority of the 
illegitimate unions is here perhaps too great, for on a 
subsequent occasion 100 long-styled and short-styled 
flowers were illegitimately fertilised, and they together 
yielded 53 capsules : therefore the rate of 77 to 53, or 
as 100 to 69, is a fairer one than that of 100 to 58. 
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Returning to Table 7, if we consider only the good 
capsules, those from the two legitimate unions were to 
those from the two illegitimate in number as 71 to 31, 
or as 100 to 44. Again, if wo take an equal number of 
capsules, whether good or bad, from the legitimately 
and illegitimately fertilised flowers, we find that the 
former contained seeds by weight compared with the 
latter as 50 to 24, or as 100 to 48 ; but if all the 


Fig. 2. 


Legitimate union. 
Complete fertility. 



Illegitimate 

union. 


incomplete 

fertility. 


Long-styled 

form. 


Short-styled 

form. 


poor capsules are rejected, of which many were pro- 
duced by the illegitimately fertilised flowers, the propor- 
tion is 54 to 35, or as 100 to 65. In this and all other 
cases, the relative fertility of the two kinds of union 
can, I think, be judged of more truly by the average 
number of seeds per capsule than by the proportion of 
flowers which yield capsules. The two methods might 
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have been combined by giving the average number of 
seeds produced by all the flowers which were fertilised, 
whether they yielded capsules or not ; but I have 
thought that it would bo more instructive always to 
show separately the proportion of flowers which pro- 
duced capsules, and the average number of apparently 
good seeds which the capsules contained. 

Flowers legitimately fertilised set seeds under con- 
ditions which cause the almost complete failure of 
illegitimately fertilised flowers. Thus in the spring of 
1862 forty flowers were fertilised at the same time in 
both ways. The plants were accidentally exposed in 
the greenhouse to too hot a sun, and a large number 
of umbels perished. Some, however, remained in mo- 
derately good health, and on these there were twelve 
flowers which had been fertilised legitimately, and 
eleven which had been fertilised illegitimately. The 
twelve legitimate unions yielded seven fine capsules, 
containing on an average each 57 * 3 good seeds ; whilst 
the eleven illegitimate unions yielded only two cap- 
sules, of winch one contained 39 seeds, but so poor, 
that I do not suppose one would have germinated, and 
the other contained 17 fairly good seeds. 

From the facts now given the superiority of a legi- 
timate over an illegitimate union admits of not the 
least doubt; and we have here a case to which no 
parallel exists in the vegetable or, indeed, in the 
animal kingdom. The individual plants of the pre- 
sent species, and as we shall see of several other 
species of Primula, are divided into two sets or 
bodies, which cannot be called distinct sexes, for 
both are hermaphrodites; yet they are to a certain 
extent sexually distinct, for they require reciprocal 
union for perfect fertility. As quadrupeds are di- 
vided into two nearly equal bodies of different sexes, 
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so here we have two bodies, approximately equal in 
number, differing in their sexual powers and related to 
each other like males and females. There are many 
hermaphrodite animals which cannot fertilise them- 
selves, but must unite with another hermaphrodite. 
So it is with numerous plants ; for the pollen is often 
mature and shed, or is mechanically protruded, before 
the flower’s own stigma is ready ; and such flowers ab- 
solutely require the presence of another hermaphro- 
dite for sexual union. But with the cowslip and various 
other species of Primula there is this wide difference, 
that one individual, though it can fertilise itself im- 
perfectly, must unite with another individual for full 
fertility ; it cannot, however, unite with any other in- 
dividual in the same manner as an hermaphrodite 
plant can unite with any other one of the same species ; 
or as one snail or earth-worm can unite with any other 
hermaphrodite individual. On the contrary, an indi- 
vidual belonging to one form of the cowslip in order 
to be perfectly fertile must unite with one of the other 
form, just as a male quadruped must and can unite 
only with the female. 

I have spoken of the legitimate unions as being 
fully fertile; and I am fully justified in doing so, for 
flowers artificially fertilised in this manner yielded 
rather more seeds than plants naturally fertilised in 
a state of nature. The excess may be attributed to 
the plants having been grown separately in good soil. 
With respect to the illegitimate unions, we shall best 
appreciate their degree of lessened fertility by the 
following facts. Gartner estimated the sterility of the 
unions between distinct species,* in a manner which 
allows of a strict comparison with the results of the 


* * Versucbe iiber die Bastarderzeugung,’ 1819, p. 21C. 



30 


HETEROSTYLED DIMORPHIC FLANTS. Chai\ 1. 


legitimate and illegitimate unions of Primula. With 
P. veris , for every 100 seeds yielded by the two le- 
gitimate unions, only 64 were yielded by an equal 
number of good capsules from the two illegitimate 
unions. With P. Sinensis, as we shall hereafter see, 
the proportion was nearly the same — namely, as 100 
to 62. Now Gartner has shown that, on the calcula- 
tion of Verha&cum hjchnitis yielding with its own pollen 
100 seeds, it yielded when fertilised by the pollen of 
V. Plmniceum 90 seeds; by the pollen of V. nigrum , 
63 seeds; by that of V. Uattaria , (52 seeds. So again, 
Diantlms barlatus fertilised by the pollen of D. snperlms 
yielded 81 seeds, and by the pollen of D. Juptonicus 
66 seeds, relatively to the 100 seeds produced by its 
own pollen. We thus see — and the fact is highly re- 
markable — that with Primula the illegitimate unions 
relatively to the legitimate are more sterile than 
crosses between distinct species of other genera rela- 
tively to their pure unions. Mr. Scott has given* a 
still more striking illustration of the same fact : he 
crossed Primula auricula with pollen of four other 
species (P. Palinuri , viscosa, hirsuta , and verlicillata ), 
and these hybrid unions yielded a larger average 
number of seeds than did P. auricula when fertilised 
illegitimately with its own-form pollen. 

The benefit which heterostyled dimorphic plants de- 
rive from the existence of the two forms is sufficiently 
obvious, namely, the intercrossing of distinct plants 
being thus ensured.f Nothing can be better adapted 
for this end than the relative positions of the anthers 
and stigmas in the two forms, as shown in Fig. 2 ; but to 

* * Joum. Linn. Soc. Bot.,* vol. fertilisation’ how greatly the off- 
viii. 18G4, p. OS. spring from intercrossed plants 

t I have shown in my work profit in height, vigour, and 
on the 4 Effects of Cross and Self- fertility. 
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this whole subject I shall recur. No doubt pollen will 
occasionally be placed by insects or fall on the stigma 
of the same flower ; and if cross-fertilisation fails, such 
self-fertilisation will be advantageous to the plant, as 
it will thus be saved from complete barrenness. But 
the advantage is not so great as might at first be 
thought, for the seedlings from illegitimate unions do 
not generally consist of both forms, but all belong to 
the parent form ; they are, moreover, in some degree 
weakly in constitution, as will be shown in a future 
chapter. If, however, a flower’s own pollen should first 
be placed by insects or fall on the stigma, it by no 
means follows that cross-fertilisation will be thus pre- 
vented. It is well known that if pollen from a distinct 
species be placed on the stigma of a plant, and some 
hours afterwards its own pollen be placed on it, the 
latter will be prepotent and will quite obliterate any 
effect from the foreign pollen ; and there can hardly 
be a doubt that with heterostyled dimorphic plants, 
pollen from the other form will obliterate the effects of 
pollen from the same form, even when this has been 
placed on the stigma a considerable time before. To 
test this belief, I placed on several stigmas of a long- 
styled cowslip plenty of pollen from the same plant, 
and after twenty-four hours added some from a short- 
styled dark-red polyanthus, which is a variety of the 
cowslip. From the flowers thus treated 30 seedlings 
were raised, and all these, without exception, bore 
reddish flowers ; so that the effect of pollen from the 
same form, though placed on the stigmas twenty-four 
hours previously, was quite destroyed by that of pollen 
from a plant belonging to the other form. 

Finally, I may remark that of the four kinds of 
unions, that of the short-styled illegitimately fertilised 
with its own-form pollen seems to be the most sterile of 
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all, as judged by the average number of seeds, which 
the capsules contained. A smaller proportion, also, of 
these seeds than of the others germinated, and they 
germinated more slowly. The sterility of this union is 
the more remarkable, as it has already been shown 
that the short-styled plants yield a larger number of 
seeds than the long-styled, when both forms are fer- 
tilised, either naturally or artificially, in a legitimate 
manner. 

In a future chapter, when I treat of the offspring 
from heterostyled dimorphic and trimorphic plants 
illegitimately fertilised with their own-form pollen, I 
shall have occasion to show that with the present 
species and several others, equal-styled varieties some- 
times appear. 


Tuimula elatior, Jacq. 

Bardjield (hi ip of English Authors. 

This plant, as well as the last or Cowslip ( P . veris, 
vel officinalis), and the Primrose ( P. vulgaris , vel acaulis) 
have been considered by some botanists as varieties of 
the same species. But they are all three undoubtedly 
distinct, as will be shown in the next chapter. The 
present species resembles to a certain extent in general 
appearance the common oxlip, which is a hybrid be- 
tween the cowslip and primrose. Primula elaiior is 
found in England only in two or three of the eastern 
counties ; and I was supplied with living plants by Mr. 
Doubleday, who, as I believe, first called attention to 
its existence in England. It is common in some parts 
of the Continent; and II. Miiller* has seen several, 
kinds of humble-bees and other bees, and Bombylius, 
visiting the flowers in North Germany. 

* * Die Befruclitung dor Blumen,’ p. 347. 
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The results of my trials on the relative fertility of 
the two forms, when legitimately and illegitimately 
fertilised, are given in the following table : — 


Table 8. 
Primula elutior. 


Nature of Union. 

j Number Number 
of of good 

! Flowers (topsides 
j fertilised, produced. 

Maximum ! Minimum 
; of Seeds * of Seeds 
in any one in any one 
(topside. I (topside. 

Average 

N unilier of 
Seeds |ier 
Cappult 1 . 

Long-styled form, by 
pollen of short-styled. 
Legitimate union 

' 10 

(J 

i 

(12 :14 

i 

40*5 

Long-styled form, by 
own-form pollen. Il- 
legitimate union . 

,0 

! 

4 

49* 

2 

27-7 

Short-styled form, by 
pollen of long-styled, j 
Legitimate union .) 

10 

8 

01 

:i7 

47*7 

Short-styled form, by 
own-form pollen. Il- 
legitimate union. 

17 . 


19 

9 

12-1 

The two legitimate! 
unions together . ./ 

‘JO , 

14 1 

(52 ! 

157 

47*1 

The two illegitimate) 
unions together , . j 

► ;i7 

7 1 

i 

49 * ; 

o 1 

135 * 5 


* These, seeds were so poor and small that they could hardly have, germinated. 


If we compare the fertility of the two legitimate 
unions taken together with that of the two illegitimate 
unions together, as judged by the proportional number 
of flowers which when fertilised in tin 1 , two methods 
yielded capsules, the ratio is as 100 to 27; so that by 
this standard the present species is much more sterile 
than P. om\s, when both species are illegitimately fer- 
tilised. If we judge of the relative fertility of the two 
kinds of unions by the average number of seeds per 
capsule, the ratio is as 100 to 75. But this latter 
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number is probably much too high, as many of the seeds 
produced by the illegitimately fertilised long-styled 
flowers were so small that they probably would not 
have germinated, and ought not to have been counted. 
Several long-styled and short-styled plants were pro- 
tected from the access of insects, and must have been 
spontaneously self-fertilised. They yielded altogether 
only six capsules, containing any seeds ; and their 
average number was only 7*8 per capsule. Some, 
moreover, of these seeds were so small that they could 
hardly have germinated. 

Herr W. Brin ten bach informs me that he examined, 
in two sites near the Lippe (a tributary of the liliine), 
894 flowers produced by 198 plants of this species ; and 
he found 407 of these flowers to be long-styled, 411 
short-styled, and 10 equal-styled. I have heard of no 
other instance with heterostyled plants of equal-styled 
flowers appearing in a state of nature, though far from 
rare with plants which have been long cultivated. It 
is still more remarkable that in eighteen eases the 
same plant produced both long-styled and short-styled 
or long-styled and equal-styled flowers ; and in two 
out of the eighteen cases, long-styled, short-styled, and 
equal-styled flowers. The long-styled flowers greatly 
preponderated on these eighteen plants,' — C l consisting 
of this form, 15 of equal-styled, and 9 of the short- 
styled form. 

Primula vulgaris (var. acauli * , Linn.), 

The Primrose of English Writers. 

Mr. J. Scott examined 100 plants growing near 
Edinburgh, and found 44 to be long-styled, and 50 
short-styled; and I took by chance 79 plants in Kent, 
of which 39 were long-styled and 40 short-styled ; so 
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that the two lots together consisted of 83 long-styled 
and 9G short-styled plants. In the long-styled form 
the pistil is to that of the short-styled in length, from 
an average of five measurements, as 100 to 51. The 
stigma in the long-styled form is conspicuously mow 
globose and much more papillose than in the short- 
styled, in which latter it is depressed on the summit : 




Outlines of pollen-grains of Primuli vut</aris , distended with water, much 
magnified and drawn under the camera lucida. The upper and smaller 
grains from the long-styled form ; the lower and larger grains from 
the short-styled. 


it is equally broad in the two forms. In both it- stands 
nearly, but not exactly, on a level with the anthers of 
the opposite form ; for it was found, from an average 
of 15 measurements, that the distance between the 
middle of the stigma and the middle of the anthers 
in the short-styled form is to that in the long-styled 
as 100 to 93. The anthers do not differ in size in the 
two forms. The pollen-grains from the short-styled 

D 2 
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flowers before they were soaked in water were decidedly 
broader, in proportion to their length, than those from 
the long-styled ; after being soaked they were relatively 
to those from the long-styled as 100 to 71 in diameter, 
and more transparent. A large number of flowers from 
the two forms were compared, and 12 of the finest 
flowers from each lot wore measured, but there was no 
sensible difference between them in size. Nine long- 
styled and eight short-styled plants growing together in 
a stab* of nature were marked, and their capsules col- 
lected after they had been naturally fertilised ; and 
the seeds from the short-styled weighed exactly twice 
as much as those* from an equal number of long-styled 
plants. So that the primrose resembles the cowslip in 
the short-styled plants being the more productive of 
the two forms. The results of my trials on the fer- 
tility of the two forms, when legitimately and illegi- 
timately fertilised, are given in Table 9. 

We may infer from this table that the fertility of the 
two legitimate unions taken together is to that of the 
two illegitimate unions together, as judged by the. pro- 
portional number of flowers which when fertilised in 
the two methods yielded capsules, as 100 to 60. If we 
judge by the average number of seeds per capsule pro- 
duced by tlu; two kinds of unions, the ratio is as 100 
to 54 ; but this L.tter figure is perhaps rather too low. 
It is surprising how randy insects can be seen during the 
day visiting the flowers, but 1 have occasionally observed 
small kinds of bees at work ; I suppose, therefore, that 
they are commonly fertilised by nocturnal Lepidoptera. 
The long-styled plants when protected from insects 
yield a considerable number of capsules, and they thus 
differ remarkably from the same form of the cowslip, 
which is quite sterile under the same circumstances. 
Tw e nty-three spontaneously sell-fertilised capsules from 
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Table 9. 





Primula vuhjaris. 



Nature of Union. 

! i 

Number Number 
of of k<xx] 

Flowers Capsules 
fertilised, produced. 

Maximum 
| N umber 
' of Seeds in 
: any one 
i Cupsule. 

Minimum 
Number 
of Seeds 
in any one 
Capsule. 

Average 
Number of 
Seeds per 
Capsule. 

Long-styled form, by pol- 
len from short -sty led. 
Legitimate union . 

L2 

11 

77 

47 

6(J-9 

Long-styled form, by j 
own-form pollen. 11- [ 
legitimate union . . ) 

21 

i 

14 

i 

6G 

30 

1 

j 52*2 

Short-styled form, by] 
pollen from long-styled, j 
Legitimate union . j 

i 

► 8 

7 

75 

48 

65*0 

Short-styled form, by 
own-form pollen. Il- 
legitimate union . 

i 

ii 

► ' 18 
i 

7 

1 4;j 

! 

5 

| 18*8* 

The two legitimate) 
unions together . ,J 

h 20 

18 

i 77 

47 

! GO'O 

The two illegitimate) 
unions together . . J 

[' :!9 

21 

6G 

5 

j a5-y* 


* This average is perhaps rather too low. 

this form contained, on an average, 19*2 seeds. The 
short-styled plants produced fewer spontaneously self- 
lertilised capsules, and fourteen of them contained only 
6*2 seeds per capsule. The self-fertilisation of both forms 
was probably aided by Thrips, which abounded within 
the flowers ; but these minute insects could not have 
placed nearly sufficient pollen on the stigmas, as the 
spontaneously self-fertilised capsules contained much 
fewer seeds, on an average, than those (as may be seen 
in Table 9) which were artificially fertilised with their 
own-form pollen. But this difference may perhaps be 
attributed in part to the flowers in the table having 
been fertilised with pollen from a distinct plant be- 
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longing to the same form; whilst those which were 
spontaneously sell-fertilised no doubt generally received 
their own pollen. In a future part of this volume some 
observations will be given on the fertility of a red- 
coloured variety of the primrose. 


Primula Sinensis. 

In the long-styled form the pistil is about twice as 
long as that of the short-styled, and the stamens differ 
in a corresponding, but reversed, manner. Tlie stigma 
is considerably more elongated and rougher than that 
of the short-styled, which is smooth and almost 
spherical, being somewhat depressed on the summit; 
but the stigma varies much in all its characters, the 
result, probably, of cultivation. The pollen-grains of 
the short-styled form, according to Hildebrand,* are 
7 divisions of the micrometer in length and 5 in 
breadth; whereas those; of the long-styled are only 
4 in length and 3 in breadth. The grains, there- 
fore, of the short-styled are to those of the long- 
styled in length as 100 to 57. Hildebrand also re- 
marked, as I had done in the ease of P. verts , that the 
smaller grains from the long-styled are much more 
transparent than the larger ones from the short-styled 
form. We shall hereafter see that this cultivated 
plant varies much in its dimorphic condition and is 
often equal-styled. Some individuals may be said to 
be sub-heterostyled ; thus in two white-flowered plants 
the pistil projected above the stamens, but in one of them 


* After the appearance of my that I erred greatly about the 

paper this author published some size of tlie pollen-grains in the 

excellent observations on tlie two forms. 1 suppose that by 

present species (‘Rot. Zeitung,’ mistake I measured twice over 

Jan. I, 18G4), and he shows pollen-grains from the same form. 
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it was longer and had a more elongated and rougher 
stigma, than in the other ; and the pollen-grains from 
the latter were to those from the plant with a more 
elongated pistil only as 100 to 88 in diameter, instead 
of as 100 to 57. The corolla of the long-styled and 
short-styled form differs in shape, in the same manner 
as in P. verts. The long-styled plants tend to flower 
before the short-styled. When both forms were legiti- 
mately fertilised, the capsules from the short-styled 
plants contained, on an average, more seeds than those? 
from the long-styled, in the ratio of 12*2 to 9*3 by 
weight, that is, as 100 to 78. In the following table 
we have the results of two sets of experiments tried 
at different periods. 

Table 10 . 


Nature* of Union. 


| Number \ Number ; Average. 

I of of good ] Weight of 

I Flowers : Capsules Seeds per 
| fertilised. , produced. ; Capsule. 


Average Number 
of Seeds jht 
Capsule, as 
ascertained on a 
| subsequent 


Long-styled form, by pollen 
of short-styled. Legiti- 
mate union . 

24 

1 Mi 

i 

| 0*58 

50 

Long-styled form, by own- 
ibrni poiien. illegiti- 
mate union . . . . ] 

i 

i * 

j 10 

j IT4-0 

| 30 

Short-styled form, by pol-| 
len of long-styled. Le- 
gitimate union . . .] 

f s 

1; 

8 

0-7G 

64 

Short-styled form, by own-] 
form pollen. Illegiti- 
mate union . . . ] 

l r 

r 

4 

0 * 23 

25 

The two legitimate unions) 
together j 

l 32 

24 j 

j 

0-G4 

57 

The two illegitimate unions) 
together J 

L 97 ! 

' “ 7 1 

17 

0*40 
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The fertility, therefore, of the two legitimate unions 
together to that of the two illegitimate unions, as judged 
by the proportional number of flowers which yielded 
capsules, is as 100 to 84. Judging by the average 
weight of seeds per capsule produced by the two kinds 
of unions, the ratio is as 100 to 63. On another occa- 
sion a large number of flowers of both forms were 
fertilised in the same manner, but no account of their 
number was kept. The seeds, however, were carefully 
counted, and the averages are shown in the right-hand 
column. The ratio for the number of seeds produced 
by the two legitimate compared with the two illegiti- 
mate unions is here 100 to 53, which is probably more 
accurate than the foregoing one of 100 to 63. 

Hildebrand in the paper above referred to gives the 
results of his experiments on the present species; and 
these are shown in a condensed form in the following 
table (11). Besides using for the illegitimate unions 
pollen from a distinct plant of the same form, as was 
always done by me, he tried, in addition, the effects of 
the plant’s own pollen. He counted the seeds. 

It is remarkable that here all the flowers which 
were fertilised legitimated y, as well as those fertilised 
illegitimately with pollen from a distinct plant be- 
longing to tlie same form, yielded capsules ; and from 
this lact it might be interred that the two forms were 
reciprocally much more fertile in his case than in 
mine. But his illegitimately fertilised capsules from 
both forms contained fewer seeds relatively to the 
legitimately fertilised capsules than in my experi- 
ments ; for the ratio in his case is as 42 to 100, 
instead of, as in mine, as 53 to 100. Fertility is a 
very variable element with most plants, being deter- 
mined by the conditions to which they art subjected, of 
which fact I have observed striking instances with the 
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Table 11. 


Primula Sinensis ( from Hildebrand). 


Nature of Union. 

Nnmlier 

of 

Flowers 

fertilised 

Number 1 Average 
of good NuuiImt of 
Capsules 1 Seeds per 
produced. Cajaule. 

Long-styled fonn, by pollen of short-^ 
styled. Legitimate union . . . J 

14 

14 41 

Long-styled form, by own-form pollen, from! 
a distinct plant. Illegitimate union .) 

1 

1 

l) 26 

26 | 18 

' 

Long-stvled form, by pollen from samel 
flower. Illegitimate union. . . ./ 

27 

21 | 17 

Short-si vied form, by pollen of long-1 
styled. Legitimate union . . . 

14 

14 j 44 

Short-styled form, by own-form pollen, 1 
from a distinct plant. Illegitimate union/. 

l(i 

10 j 20 

Short-styled, by pollen from the samel ; 
flower. Illegitimate union. . . . J j 

21 

11 1 8 

The two legitimate unions together . . | 

28 | 

28 43 

The two illegitimate unions together)! 
(own-form pollen) /j 

42 

42 18 

The two illegitimate unions together (pol-V 
ien from the same flower) . . . j 

48 

32 13 

present species ; and this may account lor the differ- 
ence between my results and those of Hildebrand. His 
plants were kept in a room, and perhaps were grown in 
too small pots or under some other unfavourable condi- 
tions, lor his capsules in almost every case contained a 
smaller number of seeds than mine, as may be seen 
by comparing the right-hand, columns in Tables 10 
and 11. 

The most interesting point in Hildebrand’s experi- 
ments is the difference in the effects of illegitimate 
fertilisation with a flower’s own pollen, and with that 




42 


HETEROSTYLED DIMORPHIC PLANTS. Ciiai\ I. 


from a distinct plant of tho same form. In the latter 
case all the flowers produced capsules, whilst only 07 
out of 100 of those fertilised with their own pollen pro- 
duced capsules. Tho self-fertilised capsules also con- 
tained seeds, as compared with capsules from flowers 
fertilised with pollen from a distinct plant of the same 
form, in the ratio of 72 to 100. 

In order to ascertain how far tho present species was 
spontaneously self-fertile, five long-styled plants were 
protected l>y me from insects; and they bore up to a 
given period 147 flowers which set 02 capsules; but 
many of these soon fell off, showing that they had not 
been properly fertilised. At the same time five short- 
styled plants were similarly treated, and they bore 116 
flowers which ultimately produced only seven capsules. 
On another occasion 13 protected long-sty bid plants 
yielded by weight 2frf) grains of spontaneously self- 
fertilised seeds. At the same time seven protected 
short-styled plants yielded only half-a-graiu weight of 
seeds. Therefore the long-styled plants yielded nearly 
24 times as many spontaneously self-fertilised seeds as 
did the same number of short-styled plants. The chief 
cause of this great difference appears to bo, that when 
the corolla of a long-styled plant falls off, the anthers, 
from being situated near the bottom of the tube are 
necessarily dragg* d over the stigma and leave pollen 
oil it, as I saw when I hastened the fall of nearly 
withered flowers; whereas in the short-styled flowers, 
the stamens are seated at the mouth of the corolla, 
and in falling off do not brush over the lowly-seated 
stigmas. Hildebrand likewise protected some long- 
styled and short-styled plants, but neither ever yielded 
a single capsule. He thinks that the difference in our 
results may be accounted for by his plants having 
been kept in a room and never having been shaken ; 
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but this explanation seems to me doubtful ; his plants 
were in a less fertile condition than mine, as shown by 
the difference in the number of seeds produced, and 
it is highly probable that their lessened fertility would 
have interfered with especial force with their capacity 
for producing sell-fertilised seeds. 

Primula auricula.* 

This species is heterostyled, like the preceding ones; hut 
amongst the varieties distributed by florists the long-styled form 
is rare, as it is not valued. There is a much greater relative in- 
equality in the length of the pistil and stamens in the two forms 
of the auricula than in the cowslip ; the pistil in the long-styled 
Wng nearly four times as long as that in the sliort-stylcd, in 
which it is barely longer than the ovarium. The stigma is nearly 
of the same shape in both forms, but is rougher in the Jong-styled, 
though the difference is not so great as between the two forms 
of the cowslip. In the long-styled plants the stamens are very 
short, rising but little alxivc the ovarium. The pollen-grains of 
these short stamens, wh on distended with water, were barely 
of an inch in diameter, whereas those from the long stamens of 
the short-styled plants were barely - (V J nr „ showing a relative dif- 
ference of alxrnt 71 to 100. The smaller grains of the long- 
styled plant are also much more transparent, and Wore disten- 
tion with water more triangular in outline than those of tlio 
other form. Mr. Scott | compared ten plants of Wh forms grow- 
ing under similar conditions, and found that, although the long- 
styled plants produced more umbels and more capsules than the 
short-styled, yet they yielded lower seeds, in the ratio of 66 to 
100. Three sliort-styled plants were protected by me from the 


* According to Keraor our gar- 
den auriculas are descended froinP. 
pubesrms, Jacq., which is a hybrid 
between the true 7\ auricula and 
Mrmta. This hybrid lias now been 
propagated for about 300 years, 
and produces, when legitimately 
fertilised, a large number of seeds ; 
the long-styled forms yielding an 
average number of 73, and the 


sliort-styled 08 seeds per capsule : 
see his “Gescliiclite der Aurikel/* 
4 Zeitschr. des Dcutschen und Oest. 
Aliien-Yereins,' Band vi. p. 52. 
Also * DiePrimulaceen-Bastarteu,* 
‘ Oest. Bot. Zeitschrift,* 1335, Nos. 
3, 4, and 5. 

t ‘.Journ. Linn. Soc. Bot.* vol. 
viii. 1804, p 80. 
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access of insects, and they did not produce a single seed. Mr. 
Scott protected six plants of l>oth forms, and found them ex- 
cessively sterile. The pistil of the long-styled form stands so 
high above the anthers, that it is scarcely possible that pollen 
should reach the stigma without some aid; and one of Mr. 
Scott’s long-styled plants which yielded a few seeds (only 18 in 
numl>cr) was infested by aphides, and he does not doubt that 
these had imperfectly fertilised it. 

I tried a few experiments by reciprocally fertilising the two 
forms in the same manner as l>ofore, but my plants were un- 
healthy, so I will give, in a condensed form, the results of Mr. 
Scott’s experiments. For fuller particulars with respect to this 
and the live following species, the paper lately referred to may 
be consulted. In each case the fertility of the two legitimate 
unions, taken together, is compared with that of the two ille- 
gitimate unions together, by the same two stamLards as l>efore, 
namely, by the promotional number of flowers which pro- 
duced good capsules, and by the average number of seeds per 
capsule. The fertility of the legitimate unions is always taken 
at 100. 

by the first standard, the fertility of the two legitimate unions 
of the auricula is to that of the two illegitimate unions as 100 
to 80 ; and by the second standard as 100 to 15. 

Primtjla Sikkimensis. 

According to Mr. Scott, the pistil of the long-styled form is 
fully four times as long as that of the short-styled, but their 
stigmas are nearly aliko in shape and roughness. The stamens 
do not differ so much in relative length as tin 4 , pistils. The pollen- 
grains differ in a n arked manner in the two forms; “ those of 
the long-styled plants are sharply triquetrous, smaller, and more 
transparent than those of the short-styled, which are of a bluntly 
triangular form.” The fertility of the two legitimate unions to 
that of the two illegitimate unions is by the first standard as 
100 to 95, and by the second standard as 100 to 31. 

Primula cortusoides. 

The pistil of the long-styled form is about thrice as long as 
that of the short-styled, the stigma l>eiiig double as long and 
covered with much longer papillae. The pollen-grains of the short- 
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styled form arc, as usual, “larger, less transparent, and more 
bluntly triangular than those from the long-styled plants.” The 
fertility of the two legitimate unions to that of the two ille- 
gitimate unions is by the first standard as 100 to 74, and by 
the second standard as 100 to G6. 

PRIMULA INVOLUCRATA. 

The pistil of the long-styled form is alout thrice as long as 
that of the short-styled ; the stigma of the former is globular 
and closely iKiset with papillae, whilst that of the short-styled 
is smooth and depressed on the apex. The pollen-grains of the 
two forms differ in size and trails] mrency as before, but not in 
shape. The fertility of the two legitimate to that of the two 
illegitimate unions is by the first, standard as 100 to 72; and by 
the second standard as 100 to 47. 

Primula farinosa. 

According to Mr. Scott, the pistil of the long-styled form is 
only aljout twice as long as that of the short-styled. The 
stigmas of the two forms differ but little in shape. The pollen- 
grains differ in the usual manner in size, but not in form. The 
fertility of the two legitimate to that of the two illegitimate 
unions is by the first standard as 100 to 71, and by the second 
standard as llK) to 44. 

Summary on the foregoing lieterostyled species of Pri- 
mula . — The fertility of the long and short-styled plants 
of the above species of Primula, when the two forms 
are fertilised legitimately, and illegitimately with 
pollen of the same form taken from a distinct plant-, 
has now been given. The results are seen in the fol- 
lowing table ; the fertility being judged by two 
standards, namely, by that of the proportional number 
of flowers whicli yielded capsules, and by that of the 
average number of seeds per capsule. But for full 
accuracy many more observations, under varied condi- 
tions, would be requisite. 
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Table 12 . 


Summary on the Fertility of the two Legitimate Unions, compared 
with that of the two Illegitimate Unions, in the genus Primula. 
The former taken at 100. 




Illegitimate Unions. 

Nani'' of Species. 


.1 udged of bv the 

Judged of by tho 



Proportional NutuImt 

Average Number (or 



of Flowers w hich 

Weight, in some cases) 



produced Capsules. 

of Seeds per Capsule. 

Primula veris .... 


•;o 

(15 

P. elatior 



/'Probably 
(loo high.) 

P. vulgaris 

. 

60 

► ./(Perhaps 
04 \ too low.) 

P. Siuensis 


84 

03 

„ (second trial) 


? 

6:5 

„ (after Hildebrand) 


100 

42 

P. auricula (Scott) . 


80 

15 

P. Sikkimensis (Scott) . 


95 

31 

P. cortusoidcs (Scott) . 


74 | 

06 

1*. involuorata (Scott) . 


72 

; « 

P. farinosa (Scott) . 


71 

44 

Average of the nine species 


| 8tS*4 

! 

j 01-8 


With plants of all kinds some Hewers generally fail 
to produce capsules, from various accidental causes ; 
but this source of error has been eliminated, as far as 
possible, in all the previous cases, by the manner in 
which the calculations have been made. Supposing, 
for instance, that 20 flowers were fertilised legiti- 
mately and yielded 18 capsules, and that 80 flowers 
wore fertilised illegitimately and yielded 15 cap- 
sules, we may assume that on an average an etpial 
proportion of the flowers in both lots would fail to 
produce capsules from various accidental causes ; and 
the ratio of J-Jj to ?.{j, or as 100 to 56 (in whole 
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numbers), would show the proportional number of cap- 
sules due to the two methods of fertilisation ; and the 
number 50 would appear in the left-hand column of 
Table 12, and in my other tables. With respect 
to tlie average number of seeds per capsule hardly 
anything need be said : supposing that the legiti- 
mately fertilised capsules contained, on an average, 
50 seeds, and the illegitimately fertilised capsules 
25 seeds; then as 50 is to 25 so is 100 to 50; and 
the latter number would appear in the right-hand 
column. 

It is impossible to look at the above table and doubt 
that the legitimate unions between the* two forms of the 
above nine species ol* Primula are much more fertile 
than tin* illegitimate unions; although in the latter 
ease pollen was always taken from a distinct plant of 
the same form. There is, however, no dost 4 corre- 
spondence in the two rows of figures, which give, 
according to the two standards, the difference of fer- 
tility between the legitimate and illegitimate unions. 
Thus all the flowers of P. Sinomx which were illegiti- 
mately fertilised by Hildebrand produced capsules ; 
but these contained only 42 per cent, of tins number 
of seeds yielded by the legitimately fertilised capsules. 
So again, 115 per cent, of the illegitimately fertilised 
flowers of P. Sikkimeiisis produced capsules ; but these 
contained only 31 per cent, of the number of seeds in 
the legitimate capsules. Oil the other hand, with 
P. elatior only 27 per cent, of the illegitimately fer- 
tilised flowers yielded capsules ; but these contained 
nearly 75 per cent, of the legitimate number of seeds. 
It appears that the setting of the flowers, that is, the 
production of capsules whether good or bad, is not 
so much influenced by legitimate and illegitimate fer- 
tilisation as is the number of seeds which the capsules 
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contain. For, as may be seen at the bottom of Table 
12, 88*4 per cent, of the illegitimately fertilised 
flowers yielded capsules ; but these contained only 
61*8 per cent, of seeds, in comparison, in each case, 
with the legitimately fertilised flowers and capsules 
of the same species. 

There is another point which deserves notice, 
namely, the relative degree of infertility in the several 
species of the long-styled and short-styled flowers, 
when both are illegitimately fertilised. The data 
may be found in the earlier tables, and in those given 
by Mr. Scott in the Paper already referred to. If we 
call the number of seeds per capsule produced by the 
illegitimately fertilised long-styled flowers 100, the 
seeds from the illegitimately fertilised short-styled 
flowers will be represented by the following num- 
bers : — 



Primula auricula . 

. 119 


P. Sikkimensis 

. 57 

i) low.) 

P. cortusoides 

. 93 

( (Perhaps 

P. involueratu 

. 7-t 

\ too low.) 

P. furinosa 

. 03 


T. Sinensis . 71 

We thus see that, with the exception of P. auricula, the 
long-styled flowers of all nine species are more fertile 
than the short-styled flowers, when both forms are 
illegitimately fertilised. Whether P. auricula really 
differs from the other species in this respect 1 can form 
no opinion, as the result may have been accidental. 
The degree of sell-fertility of a plant depends on two 
elements, namely, on the stigma receiving its own pollen 
and on its more or less efficient action when placed 
there. Now as the anthers of the short-styled flowers of 
several species of Primula stand directly above the 
stigma, their pollen is more likely to fall on it, or to 
be carried down to it by insects, than in the case of 
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tlie long-styled form. It appears probable, therefore, 
at first sight, that the lessened capacity of the short- 
styled flowers to be fertilised with their own pollen, is 
a special adaptation for counteracting their greater 
liability to receive their own pollen, and thus lbr 
checking self-fertilisation. But from facts with respect 
to other species hereafter to be given, this view can 
hardly bo admitted. In accordance with the above 
liability, when some of the species of Primula wore 
allowed to fertilise themselves spontaneously under 
a net, all insects being excluded, except sueh minute, 
ones as Thrips, the short-styled flowers, notwith- 
standing their greater innate self-sterility, yielded 
more seed than did the long-styled. None of the 
species, however, when insects were excluded, made, 
a near approach to full fertility. But the long-styled 
form of 1\ Sinensis gave, under these cireumstaiuvs. 
a considerable number of seeds, as the corolla in falling 
off drags the anthers, which are seated low down in 
the tube, over the stigma, and thus leaves plenty ol 
pollen on it. 

Homostyled species of Primula . — It has now been 
shown that nine of the species in this genus exist under 
two forms, which differ not only in structure but in 
function. Besides these Mr. Scott enumerates 27 other 
species* which are heterostyled ; and to these probably 
others will be hereafter added. Nevertheless, some 
species are homostyled; that is, they exist only under 
a single form ; but much caution is necessary on this 
head, as several species when cultivated are apt to 
become equal-styled. Mr. Scott believes that P. 
Scotica , verticillata , a variety of Sibirica, data, mollis, and 


* H. Miiller has given in ‘ Na- viz. the Alpine F. villosa, and 
ture,’ Dec. 10, 1874, p. 110, a shows that it is fertilised exi la- 
drawing of one of these species, sively by Lepiduptcra. 
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lourji flora* are truly liomostyled ; and to these may be 
added, according to Axell, P. strida. Mr. Scott ex- 
perimented on P. Scotica , mollis , and verticillata , and 
found that their flowers yielded an abundance of seeds 
when fertilised with their own pollen. This shows 
that they arc not hoterostyled in function. 1\ Scoiica 
is, however, only moderately fertile when insects are 
excluded, but this depends merely on the coherent 
pollen not readily falling on the stigma without their 
dd. Mr. Scott also found that the capsules of P. 
verticillata contained rather more seed when the flowers 
were fertilised with pollen from a distinct plant than 
when witli their own pollen ; and from this fact he in- 
ters that they are sub-hot erosty led in function, though 
not in structure. But there is no evidence that two 
sets of individuals exist, which differ slightly in func- 
tion and are adapted for reciprocal fertilisation; and 
this is the essence of heterostylism. The mere fact 
of a plant being more fertile with pollen from a 
distinct individual than with its own pollen, is com- 
mon to very many species, as I have shown in my 
w >rk 4 On the Kffects of Cross and Self-fertilisation.’ 

1 1 OTTONIA TALUSTRIS. 

This aquatic, member of the Primulaeoa* is con- 
spicuously heterostyled, as the pistil of the long-styled 
form projects far out of the flower, the stamens being 
enclosed within the tube ; whilst the stamens of the 
short -styled flow'er project far outwards, the pistil being 
enclosed. This difference between the two forms has 
attracted the attention of various botanists, and that 


* lu»di vius a'vnre that this 8])rtii"c]uii(lIlarwin,' , ‘l>ot > Zei- 
tjiccifswjisLoaiostyJcd : Tie- tung,’ Jan. 2, iSG3, p. 4. 

virnuuzj iiber Eichogaiiiie nacli 
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of Sprengel,* in 1793, wlio, with his usual sagacity, 
adds that he does not believe the existence of the two 
forms to be accidental, though he cannot explain their 
purpose. The pistil of the long-styled form is more 
than twice as long as that of the short-styled, with the 
stigma rather smaller, though rougher. H. Muller t 
gives figures of the stigmatic papilla) of the two forms, 
and those of the long-styled are seen to be more than 
double the length, and much thicker than the papilla? 
of the short-styled form. The anthers in the one form 
do not stand exactly on a level with the stigma in 
the other form; for the distance between the organs is 
greater iu the short-styled than in the long-styled 
flowers in the proportion of 100 to 71. In dried speci- 
mens soaked in water the anthers of the short-styled 
form are larger than those of the long-styled, in the 
ratio of 100 to 83. The pollen-grains, also, from the 
short-styled flowers are conspicuously larger than those 
from the long-styled ; the ratio between the diameters 
of the moistened grains being as 100 to 01, according 
to my measurements, but according to the measure- 
ments of H. Muller as 100 to 61 ; and his are probably 
the more accurate of the two. The contents of the 
larger pollen-grains appear more coarsely granular 
and of a browner tint, than those in the smaller 
grains. The two forms of Ilottonia thus agree closely 
in most respects with those of the heterostyled species 
of Primula. The flowers of Ilottonia are cross-fertilised, 
according to Muller, chiefly by Diptera. 

Mr. Scott f made a few trials on a short-styled plant, 
and found that the legitimate unions were in all ways 
more fertile than the illegitimate ; but since the pub- 

* ‘Diw enldoekto Gchcimuias J 4 Journ. Linn. Sue. Hot.’ V °I. 
(lor Natuiv/ j>. 1 ():■*. viii. 1 SGI, p. 7'J. 

t ‘Dio Uolruclituug,* &c.,p.‘J50. 
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lication of his paper H. Muller has made much fuller 
experiments, and I give his results in the following 
table, drawn up in accordance with my usual plan : — 


Table 13. 

Jloftovia pahisfris ( from II. M Utter). 


Nature of Union. 

Number 
of Capsules 
examined. 

Average 

N umber of 
Seeds per 
Capsule. 

Long-styled form, by pollen of short-styled."! 
Legitimate union J 

34 

91*4 

Long-styled form, by own-form pollen, from al 
distinct plant. Illegitimate union . . . J 

18 

77*5 

Short-styled form, by pollen of long-styled. 1 
Legitimate union j 

30 

00-2 

Short-styled form, by own-form pollen, from a"! 
distinct plant. Illegitimate union . . ./ 

19 

1 18-7 

The two legitimate unions together 

04 | 78-8 

The two illegitimate unions together . 

37 i 

48*1 


The most remarkable point in this table is the 
small average number of seeds from the short-styled 
•lowers when illegitimately fertilised, and the unusually 
large average number of seeds yielded by the illegiti- 
mately fertilised long-styled flowers, relatively in both 
eases to the produet of the legitimately fertilised 
flowers.* The two legitimate unions compared with 


* H. Muller soys (‘Dio Ro- 
fruchtung/ Ac., p. *352) that the 
long-styled llowrrs, when illegiti- 
mately fertilised, yield as many 
seeds as when legitimately fer- 
tilised ; but by adding up the 
number of seeds from till the cap- 
sules produced by tin* two methods 
of fertilisation, as given by him, 


I arrive at the results shown in 
Table 13. The average numlx;r 
in the long-styled capsules, when 
legitimately fertilised, is 01*4, 
and when illegitimately fertilised, 
77-5 ; or as 100 to 85.* H. Muller 
agrees with me that this is tlie 
proper manner of viewing the 
ease. 
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the two illegitimate together yield seeds in the ratio 
of 100 to 61. 

H. Muller also tried the effects of illegitimately fer- 
tilising the long-styled and sliort-styled flowers with 
their own pollen, instead of with that from smother 
plant of the same form ; and the results are very 
striking. For the capsules from the long-styled 
flowers thus treated contained, on an average, only 
15*7 seeds instead of 77*5; and those from the 
short-styled 6*5, instead of 18 ’7 seeds per capsule. 
The number 6*5 agrees closely with Mr. Scott’s result 
from the same form similarly fertilised. 

From some observations by J)r. Torrcy, Hottonia 
inflat a, an inhabitant of the United States, does not 
appear to be heterostyled, but is remarkable from pro- 
ducing eleistogamio flowers, as will be seen in the last 
chapter of this volume. 

Besides the genera Primula and Hottonia, Androsace 
(vol Gregoria, vel Aretia) vUalliana is heterostyled. 
Mr. Scott* fertilised with their own pollen 21 flowers 
on three short-styled plants in the Edinburgh Botanic 
Gardens, and not one yielded a single seed ; but 
eight of them which were fertilised with pollen from one 
of the other plants of the same form, set two empty 
capsules, lie was able to examine only dried speci- 
mens of the long-styled form. But the evidence seems 
sufficient to leave hardly a doubt that Androsace is 
heterostyled. Fritz Muller sent me from South Brazil 
dried flowers of a Statice which he believed to be hete- 
rostyled. In the one form the pistil was considerably 
longer and the stamens slightly shorter than the cor- 
responding organs in the other form. But as in the 
shorter-styled form the stigmas reached up to the anthers 

* Sec also Trcviranua in ‘ Bot. Zcitung, 1 18GB, p. 0, on this plant 
being dimorphic. 
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of the same flower, and as I could not detect in the 
dried specimens of the two forms any difference in their 
stigmas, or in the size of their pollen -grains, I dare not 
rank this plant as lieterostyled. From statements made 
by Vauclier I was led to think that Soldanella aJpina was 
lieterostyled, but it is impossible that Kerner, who has 
closely studied this plant, could have overlooked the 
fact. So again from other statements it appeared prob- 
able that Pyrola might be lieterostyled, but II. Muller 
examined for me two species in North Germany, and 
found this not to be the case. 
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CHAPTER II. 

Uvniill) PjlIMULAS. 

The Oxlip a hybrid naturally produced hot ween Primula verw ami 
vulgaris — The differences in structure and function hetwoen the 
two ]>! i rent-species— Effects of crossing long-styled and short-styled 
Oxlips with one another ami with tin; two forms of both parent- 
species — Character of the offspring from Oxlips artificially M il- 
fertilised and cross-fertilised in a state of nature — Primula clutior 
shown to he a distinct species — Hybrids between oilier holerostyled 
species of Primula — Supplementary note on spontaneously produced 
hybrids in the genus Yerbascuiu. 

The various species of Primula have produced in a 
state of nature throughout Europe an extraordinary 
number of hybrid forms. For instance, Professor 
Kernor lias found no less than twenty -live such forms 
in the Alps.* The frequent occurrence of hybrids in 
this genus no doubt has been favoured by most of tin* 
species being heterostyled, and consequently requiring 
cross-fertilisation by insects ; yet in some other genera, 
species which are not heterostylcd and which in some 
respects appear not well adapted for hybrid-ferti- 
lisation, have likewise been largely hybridised. In 
certain districts of England, the common oxlip- a 
hybrid between the cowslip (P. veris, vel officinal is) 
and the primrose (P. vulgaris, vel acaulis ) — is fre- 
quently found, and it occurs occasionally almost every- 


* “ Dio Prin 1 ul; icecn-Bastarten,” 
‘OtKtorr. Hot. Zcitsehrift,’ Jahr 
1875, Nos. 3, 4, aud 5. Sec also 
Godron on hybrid Primulas in 


‘ Bull. Soc. Bot. do France,’ tom. x. 
1853, ]>. 178. Also in * Revue dea 
Scien^pa Nat.’ 1875, p. 331. 
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where. Owing to the frequency of this intermediate 
Ii yl >rid form, and to tin* existence of the Bard field 
ox lip (P. clatior ), which resembles to a certain extent 
tin* common oxlip, the claim of the three forms to 
rank as distinct species has been discussed oftener 
and at greater length than that of almost any other 
plant. Linmeus considered P. voris, vulgaris and 
rlafior to be varieties of the same species, as do some 
distinguished botanists at the present day ; whilst 
others who have carefully studied these plants do not 
doubt that they an* distinct species. The following 
observations prove, I think, that the latter view is 
correct; and they further show that the common oxlip 
is a hybrid between P. verb and vulgaris. 

The cowslip differs so conspicuously in general ap- 
pearance from the primrose, that nothing need here 
be said with respect to their external characters.* 
But some less obvious differences deserve notice. As 
both species arc heterostvled, their complete fertili- 
sation depends on insects. The cowslip is habitually 
visited during the day by the larger humble-bees 
(viz. Bombas muscorum and hortorum ), and at night 
by moths, as I have seen in the case of Cucullia. The 
primrose is never visited (and I speak after many 
years’ observation) by the larger humble-bees, and 
only rarely by the smaller kinds; lienee its ferti- 
lisation must depend almost exclusively on moths. 
There is nothing in the structure of the llowers of the 
two plants which can determine the visits of such 
widely different insects. But they emit a different 
odour, and perhaps their nectar may have a different 
taste. Both the long-styled and short-styled forms of 

* The Rev. W. A. Leighton need, in 4 Ann. and Mag. of Nat. 
lias pointed out certain differences Hist/ 2nd series, vol. ii. 1848, 
in the form of tho capsules and p. 1G4. 
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the primrose, when legitimately and naturally ferti- 
lised, yield on an average many more seeds per capsule 
than the cowslip, namely, in the proportion of 100 to 55. 
When illegitimately fertilised they are likewise more 
fertile than the two forms of the cowslip, as shown by 
the larger proportion of their flowers which set cap- 
sules, and by the larger average number of seeds which 
the capsules contain. The difference also between the 
number of seeds produced by the long-styled and short- 
styled flowers of the primrose, when both are illegiti- 
mately fertilised, is greater than that between the 
number produced under similar circumstances by the 
two forms of the cowslip. The long-styled flowers of 
the primrose when protected from the access of all in- 
sects, except such minute ones as Tlirips, yield a con- 
siderable numb-r of capsules containing on an average 
lb* 2 seeds per capsule ; whereas 18 plants of the long- 
styled cowslip similarly treated did not yield a single 
seed. 

The primrose, as every one knows, flowers a little 
earlier in the spring than the cowslip, and inhabits 
slightly different stations and districts. The primrose 
generally grows on banks or in woods, whilst the cow- 
slip is found in more open places. The geographical 
range of the two forms is different. Dr. Uromfield re- 
marks * that “ the primrose is absent from all the in- 
terior region of northern Europe, where the cowslip is 
indigenous.” In Norway, however, both plants range 
to the same degree of north latitude, t 

The cowslip and primrose, when intercrossed, be- 

* * Phytologist,’ vol. iii. p. G04. centre do la France, * 1840, tom. ii. 

t H. Lecoq, ‘ Gcograpli. Hot. de p. 87G. With respect to the rarity 

TEuropc,’ tom. viii. 1858, pp. 141, of I\ v<rU in western Scotland, 

144. See also ‘Ann. and Mag. of see H. C. Watson, ‘ Cybele Britun- 

Nat. Hist.* ix. 1842, pp. 15G, nica,* ii. p. 203. 

515. Also Boreau, ‘ Flore du 
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have like distinct species, for they are far from 
being mutually fertile. Gartner* crossed 27 flowers 
of P. vulgaris with pollen of P. veris , and obtained 
16 capsules ; but these did not contain any good 
seed. He also crossed 21 flowers of P. veris with 
pollen of P. vulgaris ; and now he got only five 
capsules, containing seed in a still less perfect 
condition. Gartner knew nothing about hetero- 
stylism; and his complete failure may perhaps bo 
accounted for by his having crossed together the 
same forms of the cowslip and primrose ; for such 
crosses would have been of an illegitimate as well as 
of a hybrid nature, and this would have increased 
their sterility. My trials were rather more fortunate. 
Twenty-one Honors, consisting of both forms of the 
cowslip and primrose, were intercrossed legitimately, 
and yielded seven capsules ( i.e . 83 per cent.), contain- 
ing on an average 42 seeds ; some of these seeds, 
however, were so poor that they probably would not have 
germinated. Twenty-one flowers on the same cowslip 
and primrose plants were also intercrossed illegiti- 
mately, and they likewise yielded seven capsules (or 
33 per cent..), but these contained oil an average only 
13 good and bad seeds. I should, however, state that 
some of the above flowers of the primrose were fertilised 
with pollen from the polyanthus, which is certainly a 
variety of the cowslip, as may be inferred from the per- 
fect fertility inter se of the crossed offspring from these 
two plants. t To show how sterile these hybrid unions 

* 4 Bastarderzeugung,’ 1S49, p. cicntlv numerous. The degree of 
721. infertility of a cross is liable to 

f Mr. Scott lias discussed the much iluctuation. Pollen from 
nature of the polyanthus ( 4 Proc. the cowslip ut first appears rather 
Linn. Snc.* viii. Dot. 18G1, p. more eflici cut on the primrose than 
103), and arrives a* a different that of the polyanthus; for 12 
conclusion ; but I do not think flowers of both forms of the pjim- 
that his experiments were sulii- rose, fertilised legitimately and 
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were I may remind the reader that 90 per cent, of the 
flowers of the primrose fertilised legitimately with 
primrose-pollen yielded capsules, containing on an 
average 66 seeds ; and that 54 per cent, of the flowers 
fertilised illegitimately yielded capsules containing on 
an average 35*5 seeds per capsule. The primrose, 
especially the short-styled form, when fertilised by the 
cowslip, is less sterile, as Gartner likewise observed, 
than is the cowslip when fertilised by the primrose. The 
above experiments also show that a cross between the 
same forms of the primrose and cowslip is much more 
sterile than that between different forms of these two 
species. 

The seeds from the several foregoing crosses were 
sown, but none germinated except those from the 
short-styled primrose fertilised with pollen of the 
polyanthus ; and these seeds were the finest of the 
whole lot. I thus raised six plants, and compared 
them with a group of wild oxlips which I had trans- 
planted into my garden. One of those wild oxlips 
produced slightly larger flowers titan the others, and 
this one was identical in every character (in foliage, 
flower-peduncle, and flowers) with my six plants, 
excepting that the flowers of the latter were tinged of 
a dingy rod colour, from being descended from the 
polyanthus. 

We thus see that the cowslip and primrose can- 
not be crossed either way except with considerable 
difficulty, that they differ conspicuously in external 
appearance, that they differ in various physiological 


illegitimately with pollen of the 
cowslip gave live capsules, contain- 
ing oil an average i!2*4 seeds, 
whilst 18 flowers similarly fertil- 
ised by polyanthus-pollen yielded 
only five capsules, containing oidy 


22 ’G seeds. On tho other hand, 
the seeds produced by the poly- 
anthus-pollen were much the 
finest of the whole lot, and were 
the only ones which germinated. 
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characters, that they inhabit slightly different stations 
and range differently. Hence those botanists mIio 
rank these plants as varieties ought to be able to prove 
that they arc not as well fixed in character as are most 
species ; and the evidence in favour of such instability 
of character appears at first sight very strong. It 
rests, first, on statements made by several competent 
observers that they have raised cowslips, primroses, and 
oxlips from seeds of the same plant; and, secondly, 
on the frequent occurrence in a state of nature of 
plants presenting every intermediate gradation between 
the cowslip and primrose. 

The first statement, however, is of little value ; 
for, heterostylism not being formerly understood, 
the seed-bearing plants were in no instance* pro- 
tected from the visits of insects; and there would 
be almost as much risk of an isolated cowslip, or of 
several cowslips if consisting of the same form, being 
crossed by a neighbouring primrose and producing 
oxlips, as of one sex of a dioecious plant, under similar 
circumstances, being crossed by the opposite sex of 
an allied and neighbouring species. Mr. II. C. Wat- 
son, a critical and most careful observer, made many 
experiments by sowing the seeds of cowslips alnl of 
various kinds of oxlips, and arrived at the following 
conclusion,! namely, “that seeds of a cowslip cun 
produce cowslips and oxlips, and that seeds of an oxlip 
can produce cowslips, oxlips, and primroses.” This 
conclusion harmonises perfectly with the view that in 

* One author states in the ‘Thy- tained an abundance of scod, 
tologist* (vol. iii. ]>. 703) that he which is simply impossible, 
covered with bell-glasses some cow- Hence there must have been 
slips, primroses, &c., on which ho some strange error in these ex- 
experimented. He specifies ull periments, which may be passed 
the details of his experiment, but over as valueless, 
does not say that he artificially t ‘ niiylolngist,* ii. pp. 217, 
fertilised his plants ; yet he oh- 852 ; iii. p. 43. 
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all cases, when such results have been obtained, the 
unprotected cowslips have been crossed by primroses, 
and the unprotected oxlips by either cowslips or 
primroses ; for in this latter case we might expect, by 
the aid of reversion, which notoriously comes into 
powerful action with hybrids, that the two parent-forms 
in appearance pure, as well as many intermediate gra- 
dations, would be occasionally produced. Nevertheless 
the two following statements offer considerable diffi- 
culty. The Rev. Prof. Henslow* raised from seeds of a 
cowslip growing in his garden, various kinds of oxlips 
and one perfect primrose ; blit a statement in the same 
paper perhaps throws light on this anomalous result. 
Prof. Henshnv had previously transplanted into his 
garden a cowslip, which completely changed its ap- 
pearance during the following year, and now resembled 
an oxlip. Next year again it changed its character, 
and produced, in addition to the ordinary umbels, a 
few single-flow r ered scapes, bearing flowers somewhat 
smaller and more deeply coloured than those of the 
common primrose. From what I have myself observed 
with oxlips, I cannot doubt that this plant was an ox- 
lip in a highly variable condition, almost like that of 
the famous Cytisus adami. This presumed oxlip was 
propagated by offsets, which w 7 ere planted in different 
parts of the garden ; and if Prof. Ilenslow took by 
mistake seeds from one of these plants, especially if it 
had been crossed by a primrose, the result would be 
quite intelligible. Another case is still more difficult 
to understand : Dr. Herbert! raised, from the seeds of 
a highly cultivated red cowslip, cowslips, oxlips of 
various kinds, and a primrose. This case, if accurately 


Loudon’s ‘ Mag. of Nat. Hist/ iii. 1830, p. 
‘ Transact. Hurt. Sue.' iv. p. 10. 
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recorded, which I much doubt, is explicable only on 
the improbable assumption that the red cowslip was 
not of pure parentage. With species and varieties 
of many kinds, when intercrossed, one is sometimes 
strongly prepotent over the other ; and instances are 
known* of a variety crossed by another, producing 
offspring which in certain characters, as in colour, 
hairiness, Ac., have proved identical with the pollen- 
bearing parent, and quite dissimilar to the mother- 
plant; but I do not know of any instance of the off- 
spring of a cross perfectly resembling, in a consider- 
able number of important characters, the father alone. 
It is, therefore, ve ry improbable, that a pure cowslip 
crossed by a primrose should ever produce a primrose 
in appearance pure. Although the facts given by Dr. 
Herbert and Prof. Henslow are difficult to explain, yet 
until it can be shown that a cowslip ora primrose, 
carefully protected from insects, will give birth to at 
least oxlips, the cases hitherto recorded have little 
weight in leading us to admit that the cowslip and 
primrose are varieties of one and the same species. 

Negative evidence is of little value ; but the follow- 
ing facts may be worth giving : — Some cowslips which 
had been transplanted from the fields into a shrubbery 
were again transplanted into highly manured land. 
In the following year they were protected from insects, 
artificially fertilised, and the seed thus procured was 
sown in a hotbed. The young plants were afterwards 
planted out, some in very rich soil, some in stiff poor 
clay, some in old peat, and some in pots in the green- 
house ; so that these plants, 7(55 in number, as well as 
their parents, were subjected to diversified and un- 

* I have given instances in my ticalion/ clmp. xv. 2nd edit voh 
work ‘On the Variation of Ani- ii. p. Glh 
mals and Plants under Domes- 
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natural treatment ; but not one of them presented the 
least variation except in size — those in the peat at- 
taining almost gigantic dimensions, and those in the 
clay being much dwarfed. 

I do not, of course, doubt that cowslips exposed 
during several successive generations to changed con- 
ditions would vary, and that this might occasionally 
occur in a state of nature. Moreover, from the law 
of analogical variation, the varieties of any one species 
of Primula would probably in some eases resemble 
other species of the genus. For instance I raised a red 
primrose from seed from a protected plant, and the 
flowers, though still resembling those of the primrose, 
were borne during one season in umbels on a long foot- 
stalk like that of a cowslip. 

With regard to the second class of facts in support 
of the cowslip and primrose being ranked as mere 
varieties, namely, the well-ascertained existence in a 
state of nature of numerous linking forms* : — if it can 
be shown that the common wild oxlip, which is inter- 
mediate in character between the cowslip and prim- 
rose, resembles in sterility and other essential respects 
a hybrid plant, and if it can further be shown that the 
oxlip, though in a high degree sterile, cun he fertilised 
by either parent-species, thus giving rise to still finer 
gradational links, then the presence of such linking 
forms in a state of nature ceases to be an argument 
of any weight in favour of the cowslip and primrose 
being varieties, and becomes, in fact, an argument on 
the other side. The hybrid origin of a plant in a 
state of nature can be recognised by four tests : first, 
by its occurrence only where both presumed parent- 


* See an excellent article on in llie 1 Pliytulogist,’ vol. iii. p. 

tljie Fulycvt l>y Mr. 11. C. Watson 43. 
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species exist or have recently existed ; and this holds 
good, as far as I can discover, with the oxlip ; but the 
P. elatior of Jacq., which, as we shall presently see, 
constitutes a distinct species, must not be confounded 
with the common oxlip. Secondly, by the supposed 
hybrid plant being nearly intermediate in character 
between the two parent-species, and especially by its 
resembling hybrids artificially made between the same 
two species. Now the oxlip is intermediate in cha- 
racter, and resembles in every respect, except in the 
colour of the corolla, hybrids artificially produced be- 
tween the primrose and the polyanthus, which latter 
is a variety of the cowslip. Thirdly, by the supposed 
hybrids being more or less sterile when crossed intar se : 
but to try this fairly two distinct plants of the same 
parentage, and not two flowers on the same plant, 
should be crossed ; for many pure species are more 
or less sterile with pollen from the same individual 
plant ; and in the case of hybrids from hetorostyled 
species the opposite forms should be crossed. Fourthly 
and lastly, by the supposed hybrids being much more 
fertile when crossed with either pure parent-species 
than when crossed inter se, but still not as fully fertile 
as the parent-species. 

For the sake of ascertaining the two latter points, 
I transplanted a group of wild oxlips into my 
garden. They consisted of one long-styled and 
three short-styled plants, which, except in the co- 
rolla of one being slightly larger, resembled each 
other closely. The trials which were made, and the 
results obtained, are shown in the five following 
tables. No less than twenty different crosses are 
necessary in order to ascertain fully the fertility of 
hybrid hetorostyled plants, both inter se and with 
their two parent-species. In this instance 256 flowers 
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were crossed in the course of four seasons. I may 
mention, as a mere curiosity, that if any one were to 
raise hybrids between two trimorphic lieterostyled 
species, he would have to make 90 distinct unions 
in order to ascertain their fertility in all ways ; 
and as he would have to try at least 10 flowers in 
each case, he would be compelled to fertilise 900 
flowers and count their seeds. This would probably 
exhaust the patience of the most patient, man. 

Table 11. 

Crosses inter se between the two forms of the common Oxl ip. 


Illegitimate union. ' Legitimate union. I Illegitimate union. Legitimate union. 


Short-styled ox- Short-stvled ox- Long -styled ox- I Long-styled ox- 
lip, by pollen of lip, bv pollen of lip, by its own j lip, by pollen of 
short -styled oxl ip : long - styled oxlip : pollen: 2-1 flowers j short -si vied oxlip: 
20 flowers fertilised, 10 flowers fertilised, fertilised, produced ! lOflowors fertilised, 
did not produce one did not produce one five capsules, con- did not produce on** 
capsule. .capsule. , taining G, 10, 20, ! capsule. 

i 8, and 14 seeds. | 

| j Average 11' G.. 


Table 15. 

Both forms of the Oxlip crossed with Pollen of both forms of the 
Cowslip , P. verts . 

Illegitimate union. Legitimate union. Illegitimate union. J Legitimate union. 

Short-styled ox- Short-styled ox- Long -styled ox- 1 Long -styled ox- 
lip, by pollen of lip, by pollen of lip, by pollen of . lip, by pollen of 
short -styled cow- long -styled cow- long -styled cow- 1 short -styled cow- 
slip: 18 flowers fer- slip: 18 flowers slip: 11 flowers . slip : 5 flowers 

tilised, did not pro- fertilised, produced fertilised, produced fertilised, produced 
duce one capsule. three capsules, eon- one capsule, con- two capsules, con- 
taining 7, 3, and 3 taining 13 wretched taining 21 and 28 
wretched seeds, ap- seeds. very fine seeds, 

parently incapable 
of germination. 
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Table 16. 

Both forms of the Oxlip crossed with Pollen of both forms of the 
Primrose , P . vulgaris . 


Illegitimate union. Legitimate union. Illegitimate union. Legitimate union . 

Short-styled ox-j Short-styled ox- Long-styled ox- Long-styled ox- 
lip, by pollen of lip, by pollen of lip, by pollen of lip, by pollen of 
short-styled prim-, long -styled prim- long -styled prim- short-st.yled prim- 
rose: 34 flowers ' rose : 26 flowers rose: 11 flowers , rose : 5 flowers 


fertilised, produced fertilised, produced fertilised, produced j fertilised, produced 
two capsules, con- six capsules, con- four capsules, con- j five capsules, con- 
taining 5 and 12 taining 10, 20, 5, 10, taining 10, 7. 5, and - taining 26, 32, 2d, 
seeds. ; 1 J», and 24 seeds. 6 wretched seeds. 28, and 34 seeds. 

' Average 15*7. Many Average 7*0. Average 28*6. 

■ of the seeds very 1 
poor, some good. 


Table 17. 

Both forms of the Cowslip crossed with Pollen of hath forms of the Oxlip, 

Illegitimate union. 

Short-styled cow- 
slip, by pollen of 
short-styled oxlip: 

8 flowers fertilised, 
produced nut one 
capsule. 


Table 18. 

h forms of the Primrose crossed with Pollen of both forms of the Oxlip . 

Illegitimate union. | Legitimate union, j Illegitimate union. J Legitimate union. 

Short-sty led prim-! Long-styled prim- j Long-styled prim- Short-styled prim- 
rose, by pcdlen of . rose, by pollen of ' rose, by pollen of rose, by pollen of 
short -styled oxlip: i short-styled oxlip: long -styled oxlip: long -styled oxlip: 
8 flowers fertilised, 8 flowers fertilised, 8 flowers fertilised, 8 flowers fertilised, 
produced not one produced two cap- produced eight cap- produced four cap- 
capsule. 'sules, containing 5 sules, containing 15, sules, containing 

; and 2 seeds. | 7, 12, 20, 22, 7, 16, 52, 52, 42, and 49 
i and 13 seeds. Ave- seeds, some good and 
: rage 14 * 0. some bad. Average 

j 48*7. 


Legitimate union. | Illegitimate union. Legitimate union. 

Long-styled cow- ! Long-styled cow- 1 Short-styled cow- 
i slip, by pollen of slip, by pollen of (dip, by pollen of 
| short-styled oxlip: long -styled oxlip: long -styled oxlip: 
j 8 flowers fertilised, 8 flowers fertilised, 8 flowers fertilised, 

I produced one cap- produced three cap- produced eight cap- 
isnle, containing 20 sules, containing 5, sules, containing 58, 
! seeds. ! 6, and 14 seeds. 38, 31, 44, 23, 26, 

j Average 8*3. 37, and 66 seeds. 

I i " Average 40*4. 
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We see in these five tables the number of capsules 
and of seeds produced, by crossing both forms of the 
oxlip in a legitimate and illegitimate manner with one 
another, and with the two forms of the primrose and 
cowslip. I may premise that the pollen of two of the 
short-styled oxlips consisted of nothing but minute 
aborted whitish cells; but in the third short-styled 
plant about one-fifth of the grains appeared in a sound 
condition. Hence it is not surprising that neither 
the short-styled nor the long-styled oxlip produced a 
single seed when fertilised with this pollen. Nor did 
the pure cowslips or primroses when illegitimately fer- 
tilised with it ; but wlnm thus legitimately fertilised 
they yielded a few good seeds. The female organs of 
the short-styled oxlips, though greatly deteriorated in 
power, were in a rather better condition than the male 
organs; for though the short-styled oxlips yielded no 
seed when fertilised by the long-sty led oxlips, and 
hardly any when illegitimately fertilised by pure 
eowslips or primroses, yet when legitimately fertilised 
by these latter species, especially by the long-styled 
primrose, they yielded a moderate supply of good 
seed. 

The long-styled oxlip was more fertile than the 
three short-styled oxlips, and about half its pollen- 
grains appeared sound. It bore no seed when legiti- 
mately fertilised by the short-styled oxlips; but this 
no doubt was due to the badness of the pollen of 
the latter; for when illegitimately fertilised (Table 
14) by its own pollen it produced some good seeds, 
though much fewer than self-fertilised cowslips or 
primroses would have produced. The long-styled ox- 
lip likewise yielded a very low average of seed, as may 
be seen in the third compartment of the four latter 
tables, when illegitimately fertilised by, and when 

F 2 
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illegitimately fertilising, pure cowslips and primroses. 
The four corresponding legitimate unions, however, were 
moderately fertile, and one (viz. that between a short- 
styled cowslip and the long-styled oxlip in Table 17) 
was nearly as fertile as if both parents had been pure. 
A short-styled primrose legitimately fertilised by the 
long-styled oxlip (Table 18) also yielded a moderately 
good average, namely 48*7 seeds; but if this short- 
styled primrose had been fertilised by a long-stvled 
primrose it would have yielded an average of 05 seeds. 
If we take the ten legitimate unions together, and the 
ten illegitimate unions together, we shall find that 29 
per (‘(‘lit;, of the flowers fertilised in a legitimate manner 
yielded capsules, these containing on an average 27*4 
good and bad seeds; whilst only 15 per cent, of the 
flowers fertilised in an illegitimate manner yielded 
capsules, these containing on an average only 11 '0 
good and bad seeds. 

In a previous part of this chapter it was shown that 
illegitimate crosses between the long-styled form of 
the primrose and the long-styled cowslip, and between 
tin* short-styled primrose and short-styled cowslip, are 
more sterile than legitimate crosses between these two 
species ; and we now see that the same rule holds good 
almost invariably with their hybrid offspring, whether 
those are crossed ’niter se , or with either parent-species; 
so that in this particular case, but not as we shall pre- 
sently see in other cases, the same rule prevails with 
the pure unions between the two forms of the same 
hotevostyled species, with crosses between two distinct 
heterostyled species, and with their hybrid offspring. 

Seeds from the long-styled oxlip fertilised by its 
own pollen were sown, and three long-styled plants 
raised. The first of these was identical in every 
character with its parent. The second bore rather 
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smaller flowers, of a paler colour, almost like those of 
the primrose ; the scapes were at first single-flowered, 
but later in the season a tall thick scape, bearing many 
flowers, like that of the parent oxlip, was thrown up. 
The third plant likewise produced at first only single- 
flowered scapes, with the flowers rather small and of a 
darker yellow ; but it perished early. The second 
plant also died in September; and the first plant, 
though all three grew under very favourable con- 
ditions, looked very sickly. Hence we may inter that 
seedlings from self-fertilised oxlips would hardly be 
able to exist in a state of nature. I was surprised to 
find that all the pollen -grains in the first of these seed- 
ling oxlips appeared sound; and in the second only a 
moderate number were bad. These two plants, however, 
had not the power of producing a proper number of 
seeds; for though left uncovered and surrounded by 
pure primroses and cowslips, the capsules were esti- 
mated to include an average of only from fifteen to 
twenty seeds. 

From having many experiments in hand, I did not 
sow the seed obtained by crossing both forms of the 
primrose and cowslip with both forms of the oxlip, 
which I now regret; but I ascertained an interest- 
ing point, namely, the character of the offspring 
from oxlips growing in a state of nature near both 
primroses and cowslips. The oxlips were the same 
plants which, after their seeds had been collected, were 
transplanted and experimented on. From the seeds 
thus obtained eight plants were raised, wdiicli, when 
they flowered, might have been mistaken for pure 
primroses ; but on close comparison the eye in the 
centre of the corolla was seen to be of a darker yellow, 
and the peduncles more elongated. As the season ad- 
vanced, one of these plants threw up two naked scapes, 
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7 inches in height, which horc umbels of flowers of 
the same character as before. This fact led me to ex- 
amine the other plants after they had flowered and 
were dug up ; and I found that the flower-peduncles 
of all sprung from an extremely short common scape, 
of which no trace can be found in the pure primrose. 
Hence these plants are beautifully intermediate be- 
tween the oxlip and the primrose, inclining rather 
towards the latter ; and we may safely conclude that the 
parent oxlips had been fertilised by the surrounding 
primroses. 

From the various facts now given, there can be no 
doubt that the common oxlip is a hybrid between the 
cowslip (P. veris, Brit. FI.) and the primrose (P. vul- 
garis, Brit. FL), as has been surmised by several 
botanists. It is probable that oxlips may be produced 
either from the cowslip or the primrose as the seed- 
bearer, but oftenest from the latter, as I judge from 
the nature of the stations in which oxlips are generally 
found,* and from the primrose when crossed by the 
cowslip being more fertile than, conversely, the cowslip 
by the primrose. The hybrids themselves are also 
rather more fertile when crossed with the primrose 
than with the cowslip. Whichever may be the seed- 
bearing plant, the cross is probably between different 
forms of the two species ; lor we have seen that legiti- 
mate hybrid unions are more fertile than illegitimate 
hybrid unions. Moreover a friend in Surrey found 
that 29 oxlips which grew in the neighbourhood of 
his house consisted of 13 long-styled and 16 short- 
styled plants; now, if the parent-plants had been 
illegitimately united, either the long- or short-styled 
form would have greatly preponderated, as we shall 

♦ See also on this head Hardwicke’s ‘Science Gossip.* 1807, pp. 
114, 137. 
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hereafter see good reason to believe- The case of 
the oxlip is interesting; for hardly any other in- 
stance is known of a hybrid spontaneously arising 
in such large numbers over so wide an extent of coun- 
try. The common oxlip (not the P. elatior of Jacq.) 
is found almost everywhere throughout England, where 
both cowslips and primroses grow. In some districts, 
as 1 have seen near Ilartfield in Sussex and in parts 
of Surrey, specimens may be found on the borders of 
almost every field and small wood. In other districts 
the oxlip is comparatively rare : near my own resi- 
dence I have found, during the last twenty-five years, 
not more than five or six plants or groups of plants. 
It is difficult to conjecture what is the cause of this 
difference in their number. It is almost necessary 
that a plant, or several plants belonging to the same 
form, of one parent-species, should grow near the 
opposite form of the other parent-species ; and it is 
further necessary that both species should be fre- 
quented by the same kind of insect, no donbt a moth. 
The cause of the rare appearance of the oxlip in 
certain districts may be the rarity of some moth, 
which in other districts habitually visits both the 
primrose and cowslip. 

Finally, as the cowslip and primrose differ in the 
various characters above specified, — as they are in a 
high degree sterile when intercrossed, — as there is no 
trustworthy evidence that either species, when un- 
crossed, has ever given birth to the other species or 
to any intermediate form, — and as the intermediate 
forms which are often found in a state of nature have 
been shown to be more or less sterile hybrids of the 
first or second generation, — we must for the future 
look at the cowslip and primrose as good and true 
species. 
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Primula elatior, Jacq., or the Bardfielcl Oxlip, is 
found in England only in two or three of the eastern 
counties. On the Continent it has a somewhat dif- 
ferent range from that of the cowslip and primrose; 
and it inhabits some districts where neither of these 
species live.* In general appearance it differs so 
much from the common oxlip, that no one accustomed 
to sec; both forms in the living state could afterwards 
confound them ; but there is scarcely more than a 
single character by which they can be distinctly de- 
fined, namely, their linear-oblong capsules equalling 
the calyx in length. f The capsules when mature differ 
conspicuously, owing to their length, from those of the 
cowslip and primrose. With respect to the fertility 
of the two forms when these arc united in the four 
possible methods, they behave like the other hetero- 
stylcd species of the genus, but differ somewhat (see 
Tables 8 and 12) in the smaller proportion of the il- 
legitimately fertilised flowers which set capsules. That 
P. datior is not a hybrid is certain, for when the two 
forms wore legitimately united they yielded tho largo 
average of 47 * 1 seeds, and when illegitimately united 
85 '5 per capsule ; whereas, of the four possible unions 
(Table* 14) between the two forms of the common ox- 
lip which we know to be a hybrid, one alone yielded 
any seed; and in this case the average number was 
only 11 *6 per capsule. Moreover I could not detect 
a single bad pollen-grain in the anthers of tho short- 
styled P. datior; whilst in two short-styled plants of 
the common oxlip all the grains were bad, as were 
a large majority in a third plant. As the common 

* For England, see Hcwett C. 1858, p. 142. For the Alps, see 
Watson, 4 Cybcle Britannica/ vol. 4 Ann. and Mag. Nat. Hist.’ vol. 
ii. 1849, p. 292. For the Con- ix. 1842, pp. 150 and 515. 
tinent, see Lecoq, 4 Geograph. + Babington’s ‘ Manual of Brit- 
Botanique de rEurope/ tom. viii. ish Botany/ 1851, p. 258. 
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oxlip is a hybrid between the primrose and cowslip, it 
is not surprising that eight long-styled flowers of the 
primrose, fertilised by pollen from the long-styled 
common oxlip, produced eight capsules (Table 18), 
containing, however, only a low’ average of seeds ; 
whilst the same number of flowers of the primrose, 
similarly fertilised by the long-styled Bardfield oxlip, 
produced only a single capsule ; this latter plant 
being an altogether distinct species from the primrose. 
Plants of P. elatior have been propagated by seed in 
a garden for twenty-five years, and have kept all this 
time quite constant, excepting that in some cases the 
flowers varied a little in size and tint.* Nevertheless, 
according to Mr. H. 0. Watson and Ur. Bromfield,t 
plants may be occasionally found in a state of nature, 
in which most of the characters by which this species 
can be distinguished from P. veris and vulgaris fail ; 
but such intermediate forms are probably due to 
hybridisation ; for Kcrner states, in the paper before 
referred to, that hybrids sometimes, though rarely, 
arise in the Alps between P. elatior and veris. 

Finally, although we may freely admit that Primula 
veris , vulgaris , and elatior , as well as all the other 
species of the genus, are descended from a common 
primordial form, yet from the facts above given, we 
must conclude that these three forms are now as fixed 
in character as are many others which are universally 
ranked as true species. Consequently they have as 
good a right to receive distinct specific names as have, 
for instance, the ass, quagga, and zebra. 

Mr. Scott has arrived at some interesting results by 

* See Mr. H. Doubleday in the p. 402. 

‘ Gardener's Chronicle, * 1807, p. t ‘ Phytologist,* vol. i. p. 1001, 
435, also Mr. W. Marsh all, ibid. and vol. iii. p. 695. 
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crossing other heterostyled species of Primula* I 
have already alluded to his statement, that in four 
instances (not to mention others) a species when crossed 
with a distinct one yielded a larger number of seeds 
than the same species fertilised illegitimately with its 
own-form pollen, though taken from a distinct plant. 
It has long been known from the researches of Kolreuter 
and Gartner, that two species when crossed reciprocally 
sometimes differ as w idely as is possible in their fer- 
tility : thus A when crossed with the pollen of 13 will 
yield a large number of seeds, whilst 13 may be crossed 
repeatedly with pollen of A, and will never yield a single 
seed. Now Mr. Scott shows in several cases that the 
same law holds good when two heterostyled species 
of Primula are intercrossed, or when one is crossed 
with a homostyled species. Put the results are much 
more complicated than with ordinary plants, as two 
heterostyled dimorphic species can be intercrossed in 
eight different ways. I will give one instance from 
Mr. Scott. The long-styled P. hirsutci fertilised legi- 
timately and illegitimately w ith pollen from the two 
forms of P. auricula , and reciprocally the long-styled 
P. auricula fertilised legitimately and illegitimately 
with pollen from the two forms of P. hirsuta , did 
not produce a single seed. Nor did the short- 
styled P. hirsuta when fertilised legitimately and 
illegitimately with the pollen of the two forms of 
P. auricula . On the other hand, the short-styled 
P. auricula fertilised with pollen from the long-styled 
P. hirsuta yielded capsules containing on an average 
no less than 56 seeds ; and the short-styled P. 
auricula by pollen of the short-styled P. hirsuta 
yielded capsules containing on an average 42 seeds 


* « Joum. Linn. Soc. Bot.’ vol. viii. 18G4, p. 93 to end. 
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per capsule. So that out of the eight possible unions 
between the two forms of these two species, six 
were utterly barren, and two fairly fertile. We have 
seen also the same sort of extraordinary irregularity in 
the results of ray twenty different crosses (Tables 
14 to 18), between the two forms of the oxlip, prim- 
rose, and cowslip. Mr. Scott remarks, with respect 
to the results of his trials, that they are very surprising, 
as they show us that " the sexual forms of a species 
manifest in their respective powers for conjunction 
with those of another species, physiological peculiari- 
ties which might well entitle them, by the criterion of 
fertility, to specific distinction.” 

Finally, although P. veris and vulgaris, when crossed 
legitimately, and especially when their hybrid offspring 
are crossed in this manner with both parent-species, 
were decidedly more fertile, than when crossed in an 
illegitimate manner, and although the legitimate cross 
effected by Mr. Scott between P. auricula and ldrsuta 
was more fertile, in the ratio of 50 to 42, than the 
illegitimate cross, nevertheless it is very doubtful, 
from the extreme irregularity of the results in the 
various other hybrid crosses made by Mr. Scott, whether 
it can be predicted that two heterostyled species are 
generally more fertile if crossed legitimately ( i.e . when 
opposite forms are united) than when crossed illegiti- 
mately. 

Supplementary Note on some wild hybrid Verlascums. 

In an early part of this chapter I remarked that few 
other instances could be given of a hybrid spontane- 
ously arising in such large numbers, and over so w ide an 
extent of country, as that of the common oxlip ; but per- 
haps the number of well-ascertained cases of naturally 
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produced hybrid willows is equally great.* Numerous 
spontaneous hybrids between several species of Cistus, 
found near Narbonne, have been carefully described 
by M. Timbal-Lagrave,t and many hybrids between an 
Aceras and Orchis have been observed by Dr. Weddell.f 
In the genus Verbascum, hybrids are supposed to have 
often originated § in a state of nature ; some of these un- 
doubtedly are hybrids, and several hybrids have origi- 
nated in gardens; but most of these cases require, || as 
Gartner remarks, verification. Hence the following 
case is worth recording, more especially as the two 
species in question, F. thapsus and lychnitis, are per- 
fectly fertile when insects are excluded, showing that 
the stigma of each flower receives its own pollen. 
Moreover the flowers offer only pollen to insects, and 
have not been rendered attractive to them by secret- 
ing nectar. 

I transplanted a young wild plant into my garden 
for experimental purposes, and when it flowered it 
plainly differed from the two species just mentioned 
and from a third which grows in this neighbourhood. I 
thought that it w r as a strange variety of V. tliapsus . It 
attained the height (by measurement) of 8 feet ! It 
was covered with a net, and ten flowers were fertilised 
with pollen from the same plant ; later in the season, 
when uncow red, the flowers were freely visited by 
pollen-collecting bees; nevertheless, although many 
capsules were produced, not one contained a single 
seed. During the following year this same plant was 


* Max W T ichura, ‘ Die Bnstnnl- 
befruchtung, &c., der Weiden,* 
1865. 

t ‘ Mem. do l'Acad. des Sciences 
de Toulouse/ 5° aerie, tom. v. p. 28. 

X ‘Annales des Sc. Nat.’ 3 C 
eerie, Bot. torn, xviii. p. 6. 


§ See, for instance, tlic ‘ Eng- 
lish Flora/ by Sir J. E. Smith, 
1824, vol. i. p. 807. 

|| See G’atner, ‘ Bastardcrzou- 
gung,’ 1819, p. 590. 
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left uncovered near plants of F. thapsus and lychnitis ; 
but again it did not produce a single seed. Four 
flowers, however, which were repeatedly fertilised 
with pollen of V. lychnitis, whilst the plant was tem- 
porarily kept under a net, produced four capsules, 
which contained five, one, two, and two seeds ; at the 
same time three flowers were fertilised with pollen of 
F thapsus, and these produced two, two, and three 
seeds. To show how unproductive those seven capsules 
were, I may state that a fine capsule from a plant of 
F. thapsus , growing close by contained above 700 seeds. 
These facts led me to search the moderately-sized field 
whence my plant had been removed, and I found in it 
many plants of F thapsus and lychnitis as well as 
thirty-three plants intermediate in character between 
these two species. These thirty-three plants differed 
much from one another. In tin; branching of the stem 
they more closely resembled F. lychnitis than F. thapsus, 
but in height the latter species. In the shape of their 
leaves they often closely approached F. lychnitis, but 
some had leaves extremely woolly on the upper surface 
and decurrent like those of F. thapsus ; yet the degree 
of woolliness and of decurrency did not always go 
together. In the petals being flat and remaining 
open, and in the manner in which the anthers of the 
longer stamens wefe attached to the filaments, these 
plants all took more after F. lychnitis than F. thapsus . 
In the yellow colour of the corolla they all resembled 
the latter species. On the whole, these plants appeared 
to take rather more after F. lychnitis than F. thapsus. 
On the supposition that they were hybrids, it is not an 
anomalous circumstance that they should all have pro- 
duced yellow flowers ; for Gartner crossed white and 
yellow-flowered varieties of Yerbascum, and the off- 
spring thus produced never bore flowers of an inter- 
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mediate tint, but either pure white or pure yellow 
flowers, generally of the latter colour.* 

My observations were made in the autumn ; so that 
I was able to collect some half-matured capsules from 
twenty of the thirty-three intermediate plants, and 
likewise capsules of the pure F. lychnitis and thapsus 
growing in the same field. All the latter were filled 
with perfect but immature seeds, whilst the capsules 
of the twenty intermediate plants did not contain one 
single perfect seed. These plants, consequently, were 
absolutely barren. From this fact, — from the one plant 
which was transplanted into my garden yielding when 
artificially fertilised with pollen from V. lychnitis and 
thapsus some seeds, though extremely few in number, — 
from the circumstance of the two pure species growing 
in the same field,— and from the intermediate character 
of the sterile plants, there can be no doubt that they 
were hybrids. Judging from the position in which 
they were chiefly found, I am inclined to believe they 
were descended from V. thapsus as the seed-bearer, and 
F. lychnitis as the pollen-bearer. 

It is known that many species of Yerbascum, when 
the stem is jarred or struck by a stick, cast off their 
flowers.t This occurs with F. thapsus , as I have re- 
peatedly observed. The corolla first separates from its 
attachment, and then the sepals spontaneously bend 
inwards so as to clasp the ovarium, pushing off the 
corolla by their movement, in the course of two or 
three minutes. Nothing of this kind takes place with 
young barely expanded flowers. AY ith Verbascum lychr 
nitis and, as I believe, V.phoeniceum the corolla is not cast 

* 4 Bastarderzougung,’ p. 807. Smith,’ vol. ii. p. 210. I was 

t This was first observed by guided to these references by the 
Correa de S^nu: see Sir J. E. Rev. W. A. Leighton, who ob- 
Smith’s 4 English Flora,’ 1824, vol. served this same phenomenon with 
i. p. 311 ; also ‘Life of Sir J. E. F. I'irgatum. 
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off, however often and severely the stem may be struck. 
In this curious property the above-described hybrids 
took after V. tliapsus; for I observed, to my surprise, that 
when I pulled off the flower-buds round the flowers 
which I wished to mark with a thread, the slight jar 
invariably caused the corollas to fall off. 

These hybrids are interesting under several points of 
view. First, from the number found in various parts 
of the same moderately-sized field. That they owed their 
origin to insects flying from flower to flower, whilst col- 
lecting pollen, there can be no doubt. Although in- 
sects thus rob the flowers of a most precious substance, 
yet they do great good; for, as I have elsewhere 
shown,* the seedlings of V. thapms raised from flowers 
fertilised with pollen from another plant, are more 
vigorous than those raised from self-fertilised flowers. 
But in tliis particular instance the insects did great 
harm, as they led to the production of utterly barren 
plants. Secondly, these hybrids are remarkable from 
differing much from one another in many of their 
characters ; for hybrids of the first generation, if 
raised from uncultivated plants, are generally uni- 
form in character. That these hybrids belonged to 
the first generation we may safely conclude, from the 
absolute sterility of all those observed by me in a state 
of nature and of the one plant in my garden, excepting 
when artificially and repeatedly fertilised with pure 
pollen, and then the number of seeds produced was 
extremely small. As these hybrids varied so much, an 
almost perfectly graduated series of forms, connecting 
together the two widely distinct parent-species, could 
easily have been selected. This case, like that of 
the common oxlip, shows that botanists ought to be 


1 The Effects of Cross unci Self-lbrtilisation,’ 187G, p. 89. 
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cautious in inferring the specific identity of two forms 
from the presence of intermediate gradations ; nor 
would it be easy in the many cases in which hybrids are 
moderately fertile to detect a slight degree of sterility in 
such plants growing in a state of nature and liable to be 
fertilised by either parent-species. Thirdly and lastly, 
these hybrids offer an excellent illustration of a state- 
ment made by that admirable observer Gartner, namely, 
that although plants which can be crossed with ease 
generally produce fairly fertile offspring, yet well- 
pronounced exceptions to this rule occur ; and here we 
have two species of Verbaseum which evidently cross 
with the greatest ease, but produce hybrids which are 
excessively sterile. 
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CHAPTER III. 

Heterostyled DiMORrmc Plants — continued. 

Linum grandiflorum, long- styled form utterly sterile with own-form 
pollen— Linum perenne, torsion of tlio pistils in the long-styled 
form ulone — Ilomostylcd species of Linum — Pulnmnaria officinalis, 
singular difference iTi self-fertility hetween tin* English and Gem inn 
loug-styled plants — Pulmonaria angustifolia shown to be a distinct 
species, long-styled form completely self-sterile — Polygonum fugo- 
pynnn — Various other heterostyled genera— Uuhiaceai — Mitchella 
repens, fertility of the flowers in pairs— Houston ia — Faramen, 
remarkable difference in the pollen-grains of tlio two forms ; tor- 
sion of the stamens in the short- sty led form alone; development 
not as yet perfect —The heterostyled structure in the several 
Uubiaceous genera not due to descent in common. 

It lias long been known* that several species of 
Linum present two forms, and having observed this 
fact in L. flavum more than thirty years ago, 1 was 
led, after ascertaining the nature of heterostylism in 
Primula, to examine the first species of Linum which 
I met with, namely, the beautiful L. grandi/lorum. 
This plant exists under two forms, occurring in about 
equal numbers, which differ little in structure, hut 
greatly in function. The foliage, corolla, stamens, and 
pollen-grains (the latter examined both distended with 
water and dry) are alike in the two forms (Fig. 4). 
The difference is confined to the pistil; in the short 
styled form the styles and the stigmas are only about 
half the length of those in the long-styled. A more 

* Treviramis lias shown that original paper, ‘Lot. Zcituu< 
this is tiic case iu his review of my 180 : 9, p. 189. 
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important distinction is, that the five stigmas in the 
short-styled form diverge greatly from one another, 
and pass out between the filaments of the stamens, 

Fig. 4. 

Long-styled form. Short-styled form. 
s 8 stigmas. 

LlNUM GRANDlFLOllUM. 

and thus lie within the tube of the corolla. In the 
long-styled form the elongated stigmas stand nearly 
upright, and alternate with the anthers. In this latter 
form the length of the stigmas varies considerably, 
their upper extremities projecting even a little above 
the anthers, or reaching up only to about their middle. 
Nevertheless, there is never the slightest difficulty in 
distinguishing between the two forms ; for, besides the 
difference in the divergence of* the stigmas, those of 
the short-styled form never reach even to the bases 
of the anthers. In this form the papilla? on the stig- 
matic surfaces are shorter, darker-coloured, and more 
crowded together than in the long-styled form ; but 
these differences seem due merely to the shortening 
of the stigma, for in the varieties of the long-styled 
form with shorter stigmas, the papilla? are more crowded 
and darker-coloured than in those with the longer 
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stigmas. Considering the slight and variable differ- 
ences between the two forms of this Linum, it is not 
surprising that hitherto they have been overlooked. 

In 18G1 I had eleven plants in my garden, eight of 
which were long-sty led, and three short-styled. Two 
very fine long-styled plants grew in a bed a hundred 
yards off all the others, and separated from them by a 
screen of evergreens. I marked twelve llowers, and 
placed on their stigmas a little pollen from the short- 
styled plants. The pollen of the two forms is, as 
stated, identical in appearance ; the stigmas of the 
long-styled ilowers were already thickly covered with 
their own pollen — so thickly that 1 could not find one 
bare stigma, and it was late in the season, namely, 
September 15th. Altogether, it seemed almost childish 
to expect any result. Nevertheless from my experi- 
ments on Primula, I had faith, and did not hesitate* to 
make the trial, but certainly did not anticipate the 
full result which was obtained. The germens of these 
twelve ilowers all swelled, and ultimately six fine cap- 
sules (the seed of which germinated on the following 
year) and two poor capsules were produced ; only four 
capsules shanking off. These same two long-styled 
plants produced, in the course of the summer, a 
vast number of flowers, the stigmas of which wen* 
covered with their own pollen; but they all proved 
absolutely barren, and their germens did not even 
swell. 

The nine other plants, six long-styled and three 
short-styled, grew not very far apart in my flower- 
garden. Four of these long-styled plants produced no 
seed-capsules ; the fifth produced two ; and the remain- 
ing one grew so close to a short-styled plant that 
their branches touched, and this produced twelve cap- 
sules, but they were poor ones. The case was different 
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with the short-styled plants. The one which grew 
close to the long-styled plant produced ninety-four 
imperfectly fertilised capsules containing a multitude 
of bad seeds, with a moderate number of good ones. 
The two oilier short-styled plants growing together 
were small, being partly smothered by other plants; 
they did not stand very close to any long-styled plants, 
yet they yielded together nineteen capsules. These 
facts seem to show that the short-styled plants are more 
fertile with their own pollen than are flic long-styled, 
and we shall immediately see that this probably is the 
case, lint I suspect that the difference in fertility be- 
tween the two forms was in this instance in part due to 
a distinct cause. 1 repeatedly watched the flowers, and 
only once saw a 1 nimbi e-bee momentarily alight on 
one, and then fly away. If bees had visited the several 
plants, there cannot be a doubt that the four long- 
styled plants, which did not produce a single capsule, 
would have borne an abundance. Hut several times I 
saw small diptera sucking the flowers ; and these 
insects, though not visiting the flowers with anything 
like the regularity of bees, would carry a little pollen 
from one form to tin* other, especially when growing 
near together; and flu? stigmas of the short-styled 
plants, diverging within tlx* tube of the corolla, would 
be more likely than the upright stigmas of the long- 
styled plants, to receive a small quantity of pollen if 
brought to them by small insects. Moreover from the 
greater number of the long-styled than of the short- 
styled plants in the garden, the latter would be more 
likely to receive pollen from the long-styled, than the 
long-styled from the short-styled. 

In 1802 I raised thirty-four plants of this Linumin a 
hot -bed ; anu these consisted of seventeen long-styled 
and seventeen short-styled forms. Seed sown later in the 
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flower-garden yielded seventeen long-styled and twelve 
short-styled forms. These facts justify the statement 
that the two forms are produced in about equal num- 
bers. The thirty-four plants of the first lot were kept 
under a net which excluded all insects, except such 
minute ones as Thrips. I fertilised fourteen long-styled 
flowers legitimately with pollen from the sliort-styled, 
and got eleven fine seed-capsules, which contained on 
an average seeds per capsule, but only 5*fi appeared 
to be good. It may be well to state that ten seeds is 
the maximum production for a capsule, and that our 
climate cannot be very favourable to this North-African 
plant. On three occasions the stigmas of nearly a 
hundred flowers were fertilised illegitimately with their 
own-form pollen, taken from separate plants, so as to 
prevent any possible ill (.‘fleets from close inter-breod- 
ing. Many other flowers were also produced, which, as 
before stated, must have received plenty of their own 
pollen; yet from all those flowers, borne by the seven- 
teen long-styled plants, only three capsules wore pro- 
duced. One of these included no seed, and the other 
two together gave only five good seeds. It is probable 
that this miserable product of two half-fertile capsules 
from the seventeen plants, each of which must have? 
produced at least fifty or sixty flowers, resulted from 
their fertilisation with pollen from the short-styled 
plants by the aid of Thrips ; for 1 made a great 
mistake in keeping the two forms under the same net, 
with their branches often interlocking ; and it is sur- 
prising that a greater number of flowers were not 
accidentally fertilised. 

Twelve short-styled flowers Averc in this instance 
castrated, and afterwards fertilised legitimately with 
pollen from the long-styled form ; and they produced 
seven fine capsules. These included on an average 
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seed. This confirms my suspicion that some of the 
few capsules produced by the foregoing seventeen 
short-styled plants were the product of accidental 
legitimate fertilisation. Other flowers on the same 
plant were fertilised by Hildebrand with pollen from 
the long-styled form, and all produced fruit* 

The absolute sterility (judging from the experi- 
ments of 1801 ) of the long-styled plants with their 
own-form pollen led me to examine into its apparent 
cause; and the results are so curious that they are 
worth giving in detail. The experiments were tried 
on plants grown in pots ami brought successively 
into the house. 

Fir at. Pollen from a short-styled plant was placed 
on the five stigmas of a long-styled flower, and these, 
after thirty hours, were found deeply penetrated by a 
multitude of pollen-tubes, far too numerous to he 
counted ; the stigmas had also become discoloured 
and twisted. I repeated this experiment on another 
flower, and in eighteen hours the stigmas were pene- 
trated by a multitude of long pollen-tubes. This is 
what might have been expected, as tlie union is a 
legitimate one. The converse? experiment was likewise 
tried, and pollen from a long-styled flower was placed 
on tlio stigmas of a short-styled flower, and in twenty- 
four hours the stigmas were discoloured, twisted, and 
penetrated by numerous pollen-tubes ; and this, again, 
is what might have been expected, as the union was 
a legitimate one. 

Secondhj. Pollen from a long-styled flower was placed 
on all five stigmas of a long-styled flower on a separate 
plant : after nineteen hours the stigmas were dissected, 
and only a single pollen-grain had emitted a tube, 


* ‘Bot. Zoitung,* Jan. 1, 1SG4, j>. 2. 
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and this was a very short one. To make sure that the 
pollen was good, I took in this case, and in most of 
the other cases, pollen either from the same anther or 
from the same flower, and proved it to be good by 
placing it on the stigma of a short-styled plant, and 
found numerous pollen-tubes emitted. 

Thirdly. Repeated last experiment, and placed own- 
form pollen on all five stigmas of a long-styled flower ; 
after nineteen hours and a half, not one single grain 
had emitted its tube. 

Fourthly. Repeated the experiment, with the same 
result after twenty-four hours. 

Fifthly. Repeated last experiment, and, after leaving 
pollen on for nineteen hours, put on an additional 
quantity of own-form pollen on all five stigmas. After 
an interval of three days, the stigmas were examined, 
and, instead of being discoloured and twisted, they 
were straight and fresh-coloured. Only one grain had 
emitted a quite short tube, which was drawn out of 
the stigmatic tissue without being ruptured. 

The following experiments are more striking 

Sixthly. I placed own-form pollen on three of the 
stigmas of a long-styled flower, and pollen from a 
short-styled flower on the other two stigmas. After 
twenty-two hours these two stigmas were discoloured, 
slightly twisted, and penetrated by the tubes of nu- 
merous pollen-grains : the other three stigmas, covered 
with their own-form pollen, were fresh, and all the 
pollen-grains w ere loose ; but I did not dissect the 
whole stigma. 

Seventhly. Experiment repeated in the same manner, 
with the same result. 

Eighthly. Experiment repeated, but the stigmas were 
carefully examined after an interval of only five hours 
and a half. The two stigmas with pollen from a 
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short-styled flower were penetrated by innumerable 
tubes, which were as yet short, and the stigmas them- 
selves were not at all discoloured. The three stigmas 
covered with their own-form pollen were not pene- 
trated by a single pollen-tube. 

Ninthly . Put pollen of a short-styled flower on a 
single long-styled stigma, and own-form pollen on the 
other four stigmas; after twenty-four hours the one 
stigma was somewhat discoloured and twisted, and 
penetrated by many long tubes : the other four stigmas 
were quite straight and fresh ; but on dissecting them 
1 found that three pollen-grains had protruded very 
short tubes into the tissue. 

Tenthly . liepcated the experiment, with the same 
result after twenty-four hours, excepting that only two 
own-form grains had penetrated the stigmatio tissue 
with their tubes to a very short depth. The one 
stigma, which was deeply penetrated by a multitude 
of tubes from the short-styled pollen, presented a 
conspicuous difference in being much curled, half- 
shrivelled, and discoloured, in comparison Avith the 
other four straight and bright pink stigmas. 

I could add other experiments ; but those now 
given amply suffice to show that the pollen-grains of 
a short-styled flower placed on the stigma of a long- 
styled flower emit a multitude of tubes after an in- 
terval of from five to six hours, and penetrate the 
tissue ultimately to a great depth ; and that after 
twenty-four hours the stigmas thus penetrated change 
colour, become twisted, and appear half-withered. On 
the other hand, pollen-grains from a long-styled flower 
placed on its own stigmas, do not emit their tubes 
after an interval of a day, or even three days ; or at 
most only three or four grains out of a multitude emit 
their tubes, and these apparently never penetrate the 
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stigmatic tissue deeply, and the stigmas themselves 
do not soon become discoloured and twisted. 

This seems to me a remarkable physiological fact. 
The pollen-grains of the two forms are undistinguish- 
able under the microscope ; the stigmas differ only in 
length, degree of divergence, and in the size, shade of 
colour, and approximation of their papillae, these latter 
differences being variable and apparently due merely 
to the degree of elongation of the stigma. Yet we 
plainly see that the two kinds of pollen and the two 
stigmas are widely dissimilar in their mutual reaction 
— the stigmas of each form being almost powerless on 
their own pollen, but causing, through some myste- 
rious influence, apparently by simple contact (for I 
could detect no viscid secretion), the pollen-grains of 
the opposite form to protrude their tubes. It may be 
said that the two pollens and the two stigmas mutually 
recognise eacli other by some means. Taking fertility 
as the criterion of distinctness, it is no exaggeration to 
say that the pollen of the long-styled Linum grandi - 
jlorum (and conversely that of the other form) has been 
brought to a degree of differentiation, with respect to 
its action on the stigma of the same form, correspond- 
ing with that existing between the pollen and Stigma 
of species belonging to distinct genera. 

Linumperennc . — This species is conspicuously hetcro- 
styled, as has been notified by several authors. The 
pistil in the long-styled form is nearly twice as long as 
that of the short-styled. In the. latter the stigmas are 
smaller and, diverging to a greater degree, pass out 
low down between the filaments. I could detect no 
difference in the two forms in the size of the stigmatic 
papillae. In the long-styled form alone the stigmatic 
surfaces of the mature pistils twist round, so as to face 
the circumference of the flower ; but to this point I 
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the eight good capsules contained on an average 8 
good seeds each. Judging from the number of seeds 
per capsule, the fertility of the two legitimate to that 
of the two illegitimate unions is as 100 to 20. 

The numerous flowers on the eleven long-styled 
plants under the net, which were not fertilised, produced 
only three capsules, including 8, 4, and 1 good seeds. 
Whether these three capsules were the product of acci- 
dental legitimate fertilisation, owing to the branches 
of the plants of the two forms interlocking, I will not 
pretend to decide. The single long-styled plant which 
was left uncovered, and grew close by the uncovered 
short-styled plant, produced five good pods; but it 
was a poor and small plant. 

The flowers borne on the thirteen short-styled plants 
under the net, which were not fertilised, produced 
twelve capsules, containing on an average 5 • G seeds. 
As some of these capsules were very fine, and as five 
were borne on one twig, I suspect that some minute 
insect had accidentally got under the net and had 
brought pollen from the other form to the flowers 
which produced this little group of capsules. The one 
uncovered short-styled plant which grew close to the 
uncovered long-styled plant yielded twelve capsules. 

From these facts we have some reason to believe, as 
in the case of L. grandiflorum , that the short-styled 
plants are in a slight degree more fertile with their 
own pollen than are the long-styled plants. Anyhow 
we have the clearest evidence, that the stigmas of each 
form require for full fertility that pollen from the sta- 
mens of corresponding height belonging to the opposite 
form should be brought to them. 

Hildebrand, in the paper lately referred to, confirms 
my results. He placed a short-styled plant in his 
house, and fertilised about 20 flowers with their own 
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pollen, and about 30 Vitb pAton from another plant 
belonging to the same form, and these 50 flowers did 
not set a single capsule. On the other hand he ferti- 
lised about 30 flowers with pollen from the long-styled 
form, and these, with the exception of two, yielded 
capsules, containing good seeds. 

It is a singular fact, in contrast with what occurred 
in the case ofX. grandiflorum, that the. poll on -grains of 
both forms of L . perenne, when placed on their own- 
form stigmas, emitted their tubes, though this action 
did not lead to the production of seeds. After an 
interval of eighteen hours, the tubes penetrated the 
stigmatic tissue, but to what depth I did not ascertain. 
In this ease the impotence of the pollen-grains on their 
own stigmas must have been duo either to the tubes 
not reaching the ovules, or to tlieir not acting pro- 
perly after reaching them. 

The plants both of L.pereime and grandiflorum grew, 
as already stated, with tlieir branches interlocked, and 
with scores of flowers of the two forms close together ; 
they were covered by a rather coarse net, through which 
the wind, when high, passed ; and such minute insects 
as Tlirips could not, of course, be excluded ; yet we have 
seen that the utmost possible amount of accidental fer- 
tilisation on seventeen long-styled plants in the one 
case, and on (sloven long-styled plants in the other, 
resulted in the production, in each case, of three 
poor capsules; so that when the proper insects are 
excluded, the wind does hardly anything in the way of 
carrying pollen from plant to plant. I allude to this 
fact because botanists, in speaking of the fertilisation 
of various flowers, often refer to the wind or to insects 
as if the alternative were indifferent. This view, ac- 
cording to my experience, is entirely erroneous. When 
the wind is the agent in carrying pollen, either from 
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one sex to the other, or from hermaphrodite to herma- 
phrodite, we can recognise structure as manifestly ad- 
apted to its action as to that of insects when these are 
the carriers. We see adaptation to the wind in the in- 
coherence of the pollen,' — in the inordinate quantity 
produced (as in the Conifer®, Spinage, &c.), — in the 
dangling anthers well fitted to shake out the pollen, — 
in the absence or small size of the perianth, — in the 
protrusion of the stigmas at the period of fertilisation, 
— in the flowers being produced before they are hidden 
by the leaves, — and in the stigmas being downy or 
plumose (as in the Gram in ea*, Docks, iNrc.), so as to 
secure* the chance-blown grains. In plants which are 
fertilised by the wind, the flowers do not secrete nectar, 
their pollen is too incoherent to be easily collected by 
insects, they have not bright-coloured corollas to serve 
as guides, and they are not, as far as I have seen, 
visited by insects. When insects are the agents of fer- 
tilisation (and this is incomparably the more frequent 
case with hermaphrodite plants), the wind plays no 
part, but we see an endless number of adaptations to 
ensure the safe transport of the pollen by the living 
workers. These adaptations are most easily recognised 
in irregular flowers ; but they art* present in regular 
flowers, of which those* of Linum offer a good instance, 
as I will now endeavour to show. 

I have already alluded to the rotation of each sepa- 
rate stigma in the long-styled form of Linnm perenne. 
In both forms of the other heterostvled species and in 
the homostyled species of Linum which I have seen, 
the stigma-tic surfaces face the centre of the flower, 
w r ith the furrowed backs of the stigmas, to which the 
styles are attached, facing outwards. This is the case 
with the stigmas of the long-styled flowers of L. 
perenne wiiilst in bud. But by the time the flowers 
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have expanded, the five stigmas twist round so as to 
face the circumference, owing to the torsion of that 
part of the style which lies beneath the stigma. I 
should state that the five stigmas do not always turn 
round completely, two or three sometimes facing 
only obliquely outwards. My observations were made 
during October ; and it is not improbable that earlier 
in the season the torsion would have been more com- 
plete ; for after two or three cold and wet days the 
movement was very imperfectly performed. The 
flowers should be, examined shortly after their ex- 
pansion, as their duration is brief; as soon as they 
begin to wither, tin 4 styles become spirally twisted 
all together, the original position of the parts being 
thus lost. 

He who will compare the structure of the whole 
flower in both forms of L. fu/raiine and grandijtorum , 
and, as I may add, of L. jlavum , will not doubt about 
the meaning of this torsion of the styles in the one 
form alone of L. permne, as well as the meaning of 
the divergence of the stigmas in the short-styled 
form of all three species. It is absolutely necessary 
as we know, that insects should carry pollen from 
the flowers of the one form reciprocally to those of 
the other. Insects arc attracted by live drops of 
nectar, secreted exteriorly at the base of the stamens, 
so that to reach these drops they must insert their 
proboscides outside the ring of broad filaments, be- 
tween them aud the petals. In the short-styled form 
of the above three species, the stigmas face the axis of 
the flower ; and had the styles retained their original 
upright and central position, not only would the stig- 
mas have presented their backs to the insects which 
sucked the flowers, but their front and fertile surfaces 
would have been separated from the entering insects 
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by the ring of broad filaments, and would never have 
received any pollen. As it is, the styles diverge 
and pass out between the filaments. After this move- 
ment the short stigmas lie within the tube of the 
corolla ; and their papillous surfaces being now turned 
upwards are necessarily brushed by every entering 
insect, and thus receive the? required pollen. 

In the long-styled form of L . g randiflorum , the 
almost parallel or slightly diverging anthers and 
stigmas project a little above the tube of the somewhat 
concave flower; and they stand directly over the open 
space leading to the drops of nectar. Consequently 
when insects visit the flowers of either form (for the 
stamens in this species occupy the same position in 
both forms), they will get their foreheads or proboscides 
well dusted with the coherent pollen. As soon as they 
visit the flowers of the long-styled form they will 
necessarily leave pollen on the proper surface of the 
elongated stigmas; and when they visit, the short- 
styled flowers, they will leave pollen on the upturned 
stigmatie surfaces. Tims the stigmas of both forms 
will receive indifferently the pollen of both forms; 
but we know that the pollen alone of the opposite form 
causes fertilisation. 

In the case of L. perenne, affairs are arranged more 
perfectly; for tie stamens in the two forms stand at 
different heights, so that pollen from the anthers of 
the longer stamens will adhere to one part of an 
insect’s body, and will afterwards be brushed off by 
the rough stigmas of the longer pistils ; whilst pollen 
from the anthers of the shorter stamens will adhere to 
a different part- of the insect’s body, and will afterwards 
be brushed off by the stigmas of the shorter pistils; 
and this is what is required for the legitimate fertilisa- 
tion of both forms. The corolla of L . perenne is more 
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expanded than that of L. grandiflornm, and the stigmas 
of the long-styled form do not, diverge greatly from 
one another; nor do the stamens of either form. 
Hence insects, especially rather small ones, will not 
insert their proboscides between the stigmas of the 
long-styled form, nor between the anthers of either 
form (Fig. 5), but will strike against them, at nearly 
right angles, with the backs of their head or thorax. 
Now, in the long-styled flowers, if each stigma did 



Long-styled form of L. PEREXXE, var. Austrincmn in its early condition 
before the stigmas have rotated. The petals and calyx have been 
removed on the near side.* 


not rotate on its axis, insects in visiting them would 
strike their heads against the backs of the stigmas ; as 
it is, they strike? against that surface which is covered 


* I neglected to get drawings 
made from fresh flowers of the two 
forms. But Mr. Fitch 1ms made 
the above sketch of a long-styled 
flower from dried specimens and 


from published engravings. JTis 
well-known skill ensures accuracy 
in the proportional size of the 
parts. 
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withqmpilhe, with their heads already charged with 
pollen from the stamens of corresponding height 
borne by the flowers of the other form, and legitimate 
fertilisation is thus ensured. 

Thus we can understand the meaning of the torsion 
of the styles in the long-styled flowers alone, as well 
as their divergence in the short-styled flowers. 

One other point is worth notice. In botanical works 
many flowers are said to be fertilised in the bud. This 
statement generally rests, as far as I can discover, on 
the anthers opening in the bud; no evidence being 
adduced that the stigma is at this period mature, or 
that it is not subsequently acted on by pollen brought 
from other flowers. In the case of Cephalanthera 
{/rami flora I have shown* that precocious and partial 
s< h-fertilisation, with subsequent full fertilisation, is 
the regular course of events. The belief that the 
flowers of many plants are fertilised in the bud, that 
is, are perpetually self-fertilised, is a most effectual bar 
to understanding their real structure. I am, however, 
far from wishing to assort that souk? flowers, during 
eertain seasons, are not fertilised in the bud; for 1 
have reason to believe that this is the ease. A good 
observer, t resting his belief on the usual kind of 
evidence, state,, that in Liiinm Amtriacum (which is 
hetorostyled, and is considered by PI unchon as a variety 
of L, pcrc.nne) the anthers open the evening before 
the 1 expansion of the flowers, and that the stigmas aro 
then almost always fertilised. Now we know jxtsitively 
that, so far from Linum perenne being fertilised by its 
own pollen in the bud, its own pollen is as powerless 
on the stigma as so much inorganic* dust. 

Liinun flavuw. — Tin* pistil of the long-styled form 

* ‘Fertilisation of Orchids/ t ‘Etudes sur la Oeogr. 15ot./ 
p. 108.— 2nd edit. 1877, p. 84. . H. Lecotp 1850, tom. v. p. 325. 
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of tins species is nearly twice as long as that of 
the short-styled; the stigmas are longer and the 
papillae coarser. In the short-styled form the stigmas 
diverge and pass out between the filaments, as in the 
previous species. The stamens in the two forms differ 
in length ; and, what is singular, the anthers of the 
longer stamens are not so long as those of the other 
form ; so that in the short-styled form both the stigmas 
and the anthers are shorter than in the long-styled 
form. The pollen-grains of the two forms do not differ 
in size. As this species is propagated by cuttings, 
generally all the plants in the saint; garden lx Jong to 
the same form. I have inquired, but have newer heard 
of its seeding in this country. Certainly my own plants 
never produced a single seed as long as 1 possessed 
only one of the two forms. After con si d (Tablt; search 
I procured both forms, but from want of time only a few 
experiments were made. Two plants of tin; two forms 
wort; planted some way apart in my garden, and were 
not covered by nets. Three fiowers on the long-sty led 
plant were legitimately fertilised with pollen from the 
short-styled plant, and one of them set a lint* capsule. 
No other capsules were produced by this plant. Three 
flowers oil the short-styled plant were legitimately 
fertilised with pollen from tin; long-styled, and all 
three produced capsules, containing respectively no 
less than 8, 9, and 10 seeds. Three other flowers on 
this plant., which had not been artificially fertilised, 
produced capsules containing 5, 1, and 5 seeds; and 
it is quite possible that pollen may have been 
brought to them by insects from tin; long-styled plant 
growing in the same garden. Nevertheless, as they 
did not yield half the; number of seeds compared 
with the other flowers on the; same plant which had 
been artificially and legitimately fertilised, and as tie* 

II 2 
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short-styled plants of the two previous species appa- 
rently evince some slight capacity for fertilisation with 
their own-form pollen, these three capsules may have 
been the product of self-fertilisation. 

Besides the three species now described, the yellow- 
flowered It . corymbiferum is certainly heterostyled, 
as is, according to Plan chon,* L. salsoloides. This 
botanist is the only one who seems to have inferred 
that heterostylism might have some important func- 
tional bearing. I)r. Alefold, who has made a special 
study of the genus, saysf that about half of the sixty- 
five species known to him are heterostyled. This is 
the case with L. trigynmn , which differs so much from 
the other species that it has been formed by him into 
a distinct genus. J According to the same author, 
none of the species which inhabit America and the 
Cape of Good Hope are heterostyled. 

I have examined only three homostyled species, 
namely, L . usitatissimum , a ngusti folium, and catharti - 
cum. I raised 111 plants of a variety of the first-named 
species, and these, when protected under a net, all 
produced plenty of seed. The flowers, according to 
II. Muller, § are frequented by bees and moths. With 
respect to L. cat hart icnm, the same author shows that 
: lie flowers an. so constructed that they can freely 
fertilise themselves ; but if visited by insects they 
might he cross-fertilised. He has, however, only once 
seen the flowers thus visited during the day ; but it 


* Hooker's 4 London Journal of 
Botany,' 1848, vol. vii. p. 174. 

+ ‘iiot,. Zeitung,’ Sop. IStli, 

is«;a, p. 2 si. 

X it is not impiohable that tile 
allied genus, Hugouia, is hetero- 
st\ lod, for one species is said 
by eiaiicliuii (Hooker’s • London 


Journal of Botany,’ IS! 8, vol. 
vii. ]>. f>25) to Lc provided with 
“ staniinibus exsertis another 
with 41 stylis staniinibus longiori- 
bus,” and another lias “stamina 
f), majora, stylos longe superantia” 
§ 4 Dio liefruchtuiig der Blu- 
men,’ &c., p. 1G8. 
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may be suspected that they are frequented during 
the night by small moths lor the sake of the five 
minute drops of nectar secreted. Lastly, L. Lewisii 
is said by Planchon to bear on the same plant flowers 
with stamens and pistils of the same height, and 
others with the pistils either longer or shorter than 
the stamens. This case formerly appeared to me an 
extraordinary one ; but I am now inclined to believe 
that it is one merely of great variability.* 

PULMONARIA (BoitAGINEiE). 

Pnlmonaria officinalis . — Hildebrand has published f 
a full account of this heterostyled plant. The pistil 
of the long-styled form is twice as long as that of the 
short-styled ; and the stamens differ in a corresponding, 
thougli converse, manner. There is no marked dif- 
ference in the shape or state of surface of the stigma 
in the two forms. The pollen-grains of tins short- 
styled form are to those of the long-sty hnl as 9 to 7, 
or as 100 to 78, in length, and as 7 to G in breadth. 
They do not differ in the appearance of their contents 
The corolla of the one form differs in shape from that 
of the other in nearly the same manner as in Primula; 
but besides this difference the flowers of the short- 
styled are generally the larger of the two. Hilde- 
brand collected on the Siebengebirge, ten wild long- 
styled and ten short-st yled plants. The former bore 
289 flowers, of which 18G (i.e. G4 per cent.) had set 
fruit, yielding 1*88 seed per fruit. The ten short- 
styled plants bore 373 flowers, of which 2G2 (i.e. 


* Planchon, in Hooker’s £ Lon- of Science,* vol. xxxvi. Sept. 1SG3. 
don Journal of Botany,* ISIS, vol. p. 2SI. 

vii. p. 175. See on this subjoct f ‘ Bot. Zcitung,’ 1 8G5, Jan. 13, 
Asa Gray, in ‘American Journal p. 13. 
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70 per cent.) had sot fruit, yielding 1*80 sood per 
fruit. So that the short-styled plants produced many 
more flowers, and those sot a rather larger proportion 
of fruit, but the fruits themselves yielded a slightly 
lower average number of seeds than did the long- 
styled plants. The results of Hildebrand’s experiments 
on the fertility of the two forms are given in the fol- 
lowing table : — 


Table 19. 

Pulmonaria officinalis ( from Hildebrand). 


Nature of Union. 

N uml)er 
of 

Flowers 

fertilised. 

Number 
of Fruits 
produced. 

Average 
Number 
of Seeds 
per Fruit. 

Lou "-styled flowers, l>y pollen of short-'l 
styled. Legitimate union . . . . j 

14 

1 1 

• 10 

1-30 

Long-styled flowers, 14 by own-poll on, | 
and 10 by pollen of other plant of same) 
form. Illegitimate union . . . .) 

■' 30 

0 j 

0 

Sbort-stvled flowers, by pollen of long-l 
styled. Legitimate union . . . . J 

is | 

14 i 

1*57 

Short -sty led flowers, 11 by own pollen,! 
14 by pollen of other plant of same) 
form, illegitimate union . . . . ) 

■j 25 

j j 

0 ! 

0 


In the summer of 1804, before 1 had heard of Hilde- 
brand’s experiments, I noticed some long-styled plants 
of this species (named for me by Dr. Hooker) growing 
by themselves in a garden in Surrey; and to my 
surprise about half the flowers had set fruit, several 
of which contained 2, and one contained even 3 seeds. 
These seeds were sown in my garden and eleven 
seedlings thus raised, all of which proved long-styled, 
in accordance with the usual rule in such cases. Two 
years afterwards the plants were left uncovered, no 
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other plant of tho same genus growing in my garden, 
and the flowers wore visited by many bees. They set 
an abundance of seeds : for instance, I gathered from a 
single plant rather less than half of the seeds which it 
had produced, and they numbered 47. Therefore this 
illegitimately fertilised plant must have produced about 
100 seeds ; that is, thrice as many as one of the wild 
long-styled plants collected on the Siobengobirge by 
Hildebrand, and which, no doubt, had been legitimately 
fertilised. In the following year one of my plants 
was covered by a net, and even under these un- 
favourable conditions it produced spontaneously a 
few seeds. It should be observed that as the flowers 
stand either almost horizontally or hang considerably 
downwards, pollen from the short stamens would be 
likely to fall on the stigma. We thus see that the 
English long-styled plants when illegitimately ferti- 
lised were highly fertile, whilst the German plants 
similarly treated by Hildebrand were completely 
sterile. How to account for this wide discordance in 
our results I know not. Hildebrand cultivated his 
plants in pots and kept them for a time in the house, 
whilst mine were grown out of doors; and he thinks 
that this difference of treatment may have caused 
tin* difference in our results. Hut this does not appear 
to me nearly a sufficient cause, although his plants 
were slightly less productive than the wild ones growing 
on the Siebengebirge. My plants exhibited no ten- 
dency to become e<pial-styled, so as to lose their proper 
long-styled character, as not rarely happens under 
cultivation with several licterostyled species of Pri- 
mula ; but it would appear that they had been greatly 
affected in function, either by long-continued cultiva- 
tion or by some other cause. We shall see in a 
future chapter that licterostyled plants illegitimately 
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fertilised during several successive generations some- 
times become more sell-lertile ; and this may have 
been the case with my stock of the present species 
of Pulmonaria ; but in this case we must assume 
that the long-styled plants were at first sufficiently 
fertile to yield some seed, instead of being absolutely 
self-sterile like the German plants. 

Pulmonaria angusiifolia. — Seedlings of this plant, 
raised from plants growing wild in the Isle of Wight, 
were named for me by Dr. Hooker. It is so closely 
allied to the last species, differing chiefly in the shape 
and spotting of tin* loaves, that tile two have been con- 
sidered by several eminent botanists — for instance, 
Bentham — as more varieties. But, as we shall presently 
see, good evidence can be assigned for ranking them 
as distinct. Owing to the doubts on this head, I tried 
whether the two would mutually fertilise one another. 
Twelve short-styled flowers of P. angusiifolia were 
legitimately fertilised with pollen from long-styled 
plants of' P. officinalis (which, as wc have just seen, are 
moderately self-fertile), but they did not produce a 
single fruit. Thirty-six long-styled flowers of P. 
angustifolia were* also illegitimately fertilised during 
two seasons with pollen from the long-stvled P. 
officinalis, but .11 these flowers dropped off unim- 
pregnated. Had the plants been mere varieties of 
the same species these illegitimate crosses would 
probably have yielded some seeds, judging from my 
success in illegitimately fertilising the long-styled 
flowers of P. officinalis; and the twelve legitimate 
crosses, instead of yielding no fruit, would almost 
certainly have yielded a considerable number, namely, 
about nine, judging from the results given in the 
following table (20). Therefore P. officinalis and an- 
gustifolia appear to be good and distinct species, in 
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conformity with other important functional differences 
between them, immediately to be described. 

The long-styled and short-styled flowers of P.angus- 
tifolia differ from one another in structure in nearly 
the same manner as those of P. officinalis. But in the 
accompanying figure a slight bulging of the corolla 



L«ng-sty 1 oil form. 



Short-styled form. 


1 * ITLMOX AUI A ANGUSTIFOLIA. 


in the long-styled form, where the anthers are seated, 
has been overlooked. My son William, who examined 
a large number of wild plants in the Isle of Wight, 
observed that the corolla, though variable in size, was 
generally larger in the long-styled flowers than in the 
short-styled; and certainly the largest corollas of all 
were found on the long-styled plants, and the smallest 
on the short-styled. Exactly the reverse occurs, ac* 
cording to Hildebrand, with P. officinalis. Both the 
pistils and stamens of P. angustifolia vary much in 
length ; so that in the short-styled form the distance 
between the stigma and the anthers varied from 119 
to 65 divisions of the micrometer, and in the long- 
styled from 115 to 112. From an average of seven 
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measurements of each form the distance between these 
organs in the long-styled is to the same distance in 
the short-styled form as 100 to 69 ; so that the stigma 
in the one form does not. stand on a level with the 
anthers in the other. The long-styled pistil is some- 
times thrice as long as that of the short-styled ; but 
from an average 1 of ten measurements of both, its 
length to that of the short-styled was as 100 to 56. 
The stigma varies in being more or less, though 
slightly, lobed. The anthers also vary much in 
length in both forms, but in a greater degree in the 
long-styled than in tin* short-styled form ; many in 
the former being from 80 to 69, and in the latter 
from 80 to 70 divisions of the micrometer in length. 
From an average 1 of seven measurements, the short- 
styled anthers wore to those from the long-styled as 
100 to 91 in length. Lastly, the pollen-grains from 
the long-styled Uowers varied between 19 and 11*5 
divisions of the micrometer, and those from the short- 
styled between 15 and 19. The average diameter of 
25 grains from the hitter, or short-styled form, was 
to that of 20 grains from the long-styled as 100 to 
91. A Ye see, therefore, that the pollen -grains from 
the smaller anthers of the shorter stamens in the long- 
styled form arc, as usual, of smaller size than those 
in the other form. But what is remarkable, a larger 
proportion of the grains were small, shrivelled, and 
worthless. This could be seen by merely comparing 
the contents of the anthers from several distinct plants 
of each form. But in one instance my son found, by 
counting, that out of 199 grains from a long-styled 
flower, 53 were bad, or 27 per cent. ; whilst out of 
265 grains from a short-styled flower only 18 were 
bad, or 7 per cent. From the condition of the pollen 
in the long-styled form, and from the extreme varia- 
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bility of all the organs in both forms, we may perl taps 
suspect that the plant is undergoing a change, and 
tending to become dkeeious. 

My son collected in the Isle of Wight on two occa- 
sions 202 plants, of which 125 were long-styled and 
77 short-styled ; so that the former were the more 
numerous. On the other hand, out of 18 plants raised 
by me from seed, only 1 were long-styled and 14 
short-styled. The short-styled plants seemed to my 
son to produce a greater number of flowers than the 
long-styled ; and he came to this conclusion before a 
similar statement had been published by .Hildebrand 
with respect to P. officinalis. My son gathered ten 
branches from ten different plants of both forms, and 
found the number of flowers of the two forms to be as 
100 to SO, 100 being short-sty led and 100 long-styled. 
With P. officinalis the difference, according to Hilde- 
brand, is even greater, namely, as 100 flowers for the 
short-styled to 77 for the long-styled plants. The 
following table shows tin? results of my experi- 
ments : — 

Table 20. 

Pnl i non aria mujaft f if o7 i a. 


Nature of the Union. 

Number 

of 

Flowers 

fertilised. 

Number 

of 

Fruits 

produced. 

Average 

1 Number of 
! Seeds 

1 per Fruit. 

Long-styled flowers, hv pollen of short- 1 
styled. Legitimate uniou . . . ./ 

! i« 

9 

2-11 

Long-styled flowers, by own-form pollen.} 
Illegitimate union J 

! 18 

0 

0 

Short-styled flowers, by pollen of long-1 
styled. Legitimate union . . . ./ 

18 

15 

2* (JO 

Short-styled flowers, by own-form pollen. 1 
Illegitimate union / 

12 

7 

1 • SG 
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We see in this table that the fertility of the two 
legitimate unions to that of the two illegitimate 
together is as 100 to 35, judged by the proportion of 
flowers which produced fruit ; and as 100 to 32, judged 
by the average number of seeds per fruit, lint the 
small number of fruit yielded by the 18 long-styled 
flowers in the first line was probably accidental, and 
if so, the difference in the proportion of legitimately 
and illegitimately fertilised flowers which yield fruit is 
really greater than that represented by the ratio of 
100 to 35. The 18 long-styled flowers illegitimately 
fertilised yielded no seeds, — not even a vestige of one. 
Two long-styled plants which were placed under a net 
produced 138 flowers, besides those which were arti- 
ficially fertilised, and none of these set any fruit ; nor 
did some plants of the same form which were pro- 
tected during the next summer. Two other long- 
styled plants were left uncovered (all the short-styled 
plants having been previously covered up), and 
humble-bees, which had their foreheads white with 
pollen, incessantly visited the flowers, so that their 
stigmas must have received an abundance of pollen, 
yet these flowers did not produce a single fruit. We 
may therefore conclude that the long-styled plants 
are absolutely barren with their own-form pollen, 
though brought from a distinct plant. In this re- 
spect they differ greatly from the long-styled English 
plants of P. officinalis which wore found by me to 
be moderately self-fertile; but they agree in their 
behaviour with the German plants of P.- officinalis 
experimented on by Hildebrand. 

Eighteen short-styled flowers legitimately fertilised 
yielded, as may be seen in Table 20, 15 fruits, each 
having on an average 2 • 6 seeds. Four of these fruits 
contained the highest possible number of seeds, namely 
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4, and four other fruits contained each 3 seeds. The 
12 illegitimately fertilised short-styled flowers yielded 
7 fruits, including on an average 1-86 seed; and one 
of these fruits contained the maximum number of 
4 seeds. This result is very surprising in contrast 
with the absolute barrenness of the long-styled flowers 
when illegitimately fertilised ; and I was thus led to 
attend carefully to the degree of self-fertility of the 
short-styled plants. A plant belonging to this form and 
covered by a net bore 28 flowers besides those which 
had been artilicially fertilised, and of all these only 
two produced a fruit each including a single seed. This 
high degree of self-sterility no doubt depended merely 
on the stigmas not receiving any pollen, or not a suffi- 
cient quantity. For after carefully covering all the 
long-styled plants in my garden, several short-styled 
plants were left exposed to the visits of humble-bees, 
and their stigmas will thus have received plenty of 
short-styled pollen; and now about half the flowers, 
thus illegitimately fertilised, set fruit. I judge of this 
proportion partly from estimation and partly from 
having examined three large branches, which had borne 
31 flowers, and these produced 10 fruits. Of the fruits 
produced 233 were collected (many being left un- 
gathered), and these included on an average 1*82 
seed. No less than 1(5 out of the 233 fruits included 
the highest possible number of seeds, namely 4, and 
31 included 3 seeds. 8o we see how highly fertile 
these short-styled plants were when illegitimately fer- 
tilised with their own-form pollen by the aid of bees. 

The great difference in the fertility of the long and 
short-styled flowers, when both are illegitimately fer- 
tilised, is a unique case 1 , as far as I have observed with 
lieterostyled plants. The long-styled flowers when thus 
fertilised are utterly barren, whilst about half of the 
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short-styled ones produce capsules, and those include a 
little above two-thirds of the mini her of seeds yielded 
by them when legitimately fertilised. The sterility of 
the illegitimately fertilised long-styled flowers is prob- 
ably increased by the deteriorated condition of their 
pollen ; mwertheless this pollen was highly efficient 
when applied to the stigmas of the short-styled flowers. 
With several species of Primula the short-sty led 
flowers are much more sterile than the long-styled, 
when both are illegitimately fertilised ; and it is a 
tempting view, as formerly remarked, that this greater 
sterility of the short-styled flowers is a special adapta- 
tion to check self-fertilisation, as their stigmas are 
eminently liable to receive their own pollen. This view 
is oven still more tempting in the ease of the long- 
styled form of Linum < ymndiflorum . On tins other 
hand, with Puhnouaria angudifolia , , it is evident, from 
the corolla projecting obliquely upwards, that pollen 
is much more likely to fall on, or to l>e carried by 
insects down to the stigma of the short-styled than of 
the long-styled llowers; yet the short-styled instead 
of being more sterile, as a protection against self-ferti- 
lisation, are far more fertile than the lung-styled, 
when both are illegitimately fertilised. 

Puhnouaria aznrea, according to Jlildohrand, is not 
heterostyled.* 

From an examination of dried flowers of Aiusiwl'in .yirr/fthilis, 
sent me by l'rof. Asa Gray, 1 formerly thought that this plant, 
a member of the J>oraginea\ was heterostyled. The pistil 
varies to an extraordinary degree in length, being in some 
specimens twice as long as in others, and the point of insertion 
of the stamens likewise varies, lint on raising many plants 
from seed, 1 soon became convinced that the whole ease was 
one of mere variability. The iirst-formed flowers are apt to 


* ‘Die Gesclilechtcr-Vcrtheilung bei den Pflanzen,* 18G7, p. 37. 
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have stamens somewhat arrested in development, with very 
little pollen in their anthers; and in sneh flowers the stigma 
projects above the anthers, whilst generally it stands below and 
sometimes on a level with them. I could detect no difference 
in the size of the pollen-grain or in the structure of the stigma 
in the plants which differed most in the above respects; and all 
of them, when protected from the access of insects, yielded 
plenty of seeds. Again, from statements made, by Yanelier, and 
from a hasty inspection, I thought at first that the allied 
Anchu.ua arccnsis and Ech ium rn/t/ttn: were lioterostyleil, but soon 
saw my error. From information given me, I examined dried 
flowers of another member of the. IJoragincje, Amelia hisj>i<tis- 
si inn, collected from several sites, and though tin* corolla, to- 
gether with the included organs, differed much in length, there 
was no sign of heterostylism. 

Polygonum fagoiyeum (Polygonacilf). 

Hildebrand has shown that, this plant., tin 1 common 
Hack-wheat, is hete restyled.* In tin* long-styled form 
(Fig*. 7), the three stigmas project considerably above 
the eight short, stamens, and stand on a level with tint 
anthers of the eight long stamens in the short-styled 
form; and so it is conversely with the stigmas and 
stamens of this latter form. I could perceive no differ- 
ence in the structure of the stigmas in the two forms. 
The; pollen-grains of the short-styled form are to those 
of the long-styled as 100 to 82 in diameter. This plant 
is therefore without doubt heterostyled. 

1 experimented ouly in an imperfect manner on 
the relative fertility of the two forms. Short-styled 
flowers were dragged several times over two heads 
of flowers on long-styled plants, protected under a net, 
which were thus legitimately, though not fully, ferti- 
lised. They produced 22 seeds, or 11 per flower-head. 

Three flower-heads on long-styled plants received 

* ‘Dio Gesdilecliiur-VcrUiuiluii*',’ &c., 1SG7, p. 31. 
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pollen in the same manner from other long-styled 
plants, and were thus illegitimately fertilised. They 
produced 14 seeds, or only 4*66 per flower-head. 

Two flower-heads on short-styled plants received 
pollen in like manner from long-styled flowers, and 
were thus legitimately fertilised. They produced 8 
seeds, or 4 per flower-head. 

Fig. 7. 



Polygonum fagopyrum. (From IT. Miiller.) 

Four heads on short-styled plants similarly received 
pollen from other short-styled plants, and were thus 
illegitimately fertilised. They produced 9 seeds, or 
2 * 25 per flower-head. 

The results from fertilising the flower-heads in the 
above imperfect manner cannot be fully trusted ; but 
I may state that the four legitimately fertilised flower- 
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heads yielded on an average 7 • 50 seeds per head ; 
whereas the seven illegitiniatidy fertilised heads 
yielded less than half the number, or on an average 
only 3 ‘28 seeds. The legitimately crossed seeds from 
the long-styled flowers were finer than those from tin* 
illegitimately fertilised flowers on the same plants, in 
the ratio of 100 to 82, as shown by the weights of an 
equal number. 

About a dozen plants, including both forms, were 
protected under nets, and early in the season they pro- 
duced spontaneously hardly any seeds, though at this 
period the artificially fertilised flowers produced an 
abundance; but it is a remarkable, fact, that later 
in the season, during September, both forms became 
highly self-fertile. They did not, however, produce 
so many seeds as some neighbouring uncovered plants 
which were visited by inserts. Therefore the flowers 
of neither form when left to fertilise themselves lab* 
in tin* season without the, aid of insects, are nearly so 
sterile as most other heterostyled plants. A large 
number of insects, namely 11 kinds as observed by II. 
Muller,* visit the flowers for the . sake of the eight 
drops of nectar. He infers from the structure of the 
flowers that insects would be apt to fertilise them both 
illegitimately as well as legitimately; but ho is mis- 
taken in supposing that the long-styled flowers cannot 
spontaneously fertilise themselves. 

Differently to what occurs in the other genera 
hitherto noticed, Polygonum, though a very large 
genus, contains, as far as is at present known, only a 
single heterostyled species, namely the present one. 
H. Muller in his interesting description of several 

1 Die Befruchtung,’ &c., p. 175, and 4 Nature,’ Jan. 1, 1874, p. 

I 
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other species shows that P. listorta is so strongly pro- 
terandrous (the anthers generally falling off before the 
stigmas are mature) that the flowers must be cross- 
fertilised by the many insects which visit them. Other 
species bear much less conspicuous flowers which se- 
crete little or no nectar, and consequently are rarely 
visited by insects ; these are adapted for self-fertilisa- 
tion, though still capable of cross-fertilisation. Ac- 
cording to Delpino, the Polygonacefe are generally 
fertilised by the wind, instead of by insects as in the 
present genus. 

Leucosmia Bujinettiana (Thymelue). 

As Prof. Asa Gray lias expressed his belief* that this species 
and L. aannui'itx, as well as some species in the allied "onus 
-Drymispermum, are dimorphic or heterostyled, I procured 
from Kew, through the kindness of ])r. Hooker, two dried 
flowers of the former species, an inhabitant of the Friendly 
Islands in the Pacific. The pistil of the long-styled form is to 
that of the short-styled as 100 to 80 in length; the stigma 
projects just above the throat, of the corolla, and is surrounded 
by five anthers, the tips of which reach up almost to its base; 
and lower down, within the tubular corolla, five other and 
rather smaller anthers are seated. In the short-styled form, 
the stigma stands some way down the tul>e of the corolla, nearly 
on a level wi ill the. lower anthers of the other form: it differs 
remarkably from me stigma of the long-styled form, in l>eing 
more papillose, and in Iwing longer in the ratio of 100 to 00. 
The anthers of tin; upper stamens in the short-stvled form are 
supported on free filaments, and project above the throat of the 
corolla, whilst the anthers of the lower stamens are seated in 
the throat on a level with the upper stamens of the other form. 
The diameters of a considerable number of grains from both sets 
of anthers in both forms were measured, but they did not differ 
in any trustworthy degree. The mean diameter of twenty-two 

* ‘American Journal of Sci- 4 Journal of Botany/ vol. in. 18C5, 
ence,’ 18 G5,p. 101, and Sccmami's p. u0 o. 
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grains from the short-styled flower was to that of twenty-four 
grains from the long-styled, as 100 to 99. The anthers of 
the upper stamens in the short-styled form appeared to he 
poorly developed, and contained a considerable number of 
shrivelled grains which wero omitted in striking the above 
average. Notwithstanding the fact of the pollen-grains from 
the two forms not differing in diameter in any appreciable 
degree, there can hardly be a doubt from the great difference in 
the two forms in the length of the pistil, and especially of the 
stigma, together with its more papillose condition in the short- 
styled form, that the present species is truly heterostyled. This 
case resembles that of Linum f/raudijlorum, in which the sole 
difference l>etween the two forms consists in the length of the 
pistils and stigmas. From the great length of the tubular 
corolla of Leucosmia, it is clear that the flowers are cross- 
fertilised by large Lopido] flora or by honey-sucking birds, and 
the position of the stamens in two whorls one beneath the 
other, which is a character that I have not seen in any other 
heterostyled dimorphic plant, probably serves to smear the 
inserted organ thoroughly with pollen. 

MtiXYANTJIKS TWFOLIATA (CiKNTlANll.l-;). 

This plant, inhabits marshes: my son William gathered 217 
flowers from so many distinct plants, and of these 110 were 
long-styled, and 137 short -sty led. The pistil of the long-styled 
form is in length to that of the short-styled in the ratio of about 
3 to 2. The stigma of the former, as my son observed, is deci- 
dedly larger than that of the short-styled ; but. in both forms it 
varies lunch in size. The stamens of the short-styled are almost 
double the length of those of the long-styled; so that their 
anthers stand rather above the level of the stigma of the long- 
styled form. The anthers also vary much in size, but seem 
often to be of larger size in the short-styled flowers. ]\Iy sen 
made with the camera many drawings of the pollen-grains, 
and those from the short-styled flowers were in diameter in 
nearly the ratio of 100 to 31 to those from the long-styled 
flowers. I know nothing about the capacity for fertilisation in 
the two forms; but short-styled plants, living by themselves in 
the gardens at Kew, have produced an abundance «»f capsult-. 
yet the seeds have never germinated; and this looks as if the 
short-styled form was sterile with its own pollen. 

I 2 
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Limnanthemum Inpicum (Gentiane.®). 

This plant is mentioned by Mr. Thwaites in his Enumeration 
of the Plants of Ceylon as presenting two forms; and he was so 
kind as to send me specimens preserved in spirits. The pistil 
of the long-styled form is nearly thrice as long (i.c. as 14 to 5) 
as that of the short-styled, and is very much thinner in the 
ratio of nl tout 3 to 5. Tlie foliaceous stigma is more expanded, 
and twice as large as that of the short-styed form. In the 
latter the stamens arc alnml twice as long as those of the long- 
styled, and their anthers are larger in the ratio of 100 to 70. 
The pollen-grains, after having been long kept in spirits, were 
of the same shape and size in both forms. The ovules, accord- 
ing to Mr. Thwaites, are equally numerous (viz. from 70 to 80) 
in the two forms. 

ViLLAiisiA [sr. ?] (Gentianeas). 

Fritz Miillor sent mo from South Brazil dried flowers of this 
aquatic plant, which is closely allied to Limnanthemum. In the 
long-styled form the stigma stands some way above the anthers, 
and the whole pistil, together with the ovary, is in length to 
that of the short-styled form as about 8 to 2. In the latter 
form the anthers stand above the stigma, and the style is very 
short and thick; but the pistil varies a good deal in length, 
t he stigma l>eiiig cither on a level with the tips of the sepals 
or considerably l>eneatli them. The foliaceous stigma in 
the long-styled form is larger, with the expansions running 
farther down the style, than in the other form. One of the most 
remarkable differences between the two forms is that the anthers 
of the longer stamens in the short-styled flowers are conspicu- 
ously longer than those of the shorter stamens in the long-styled 
flowers. In the former the suMriangular pollcn-g rains are 
larger; the ratio Ix’tween their breadth (measured from one 
angle to the middle of the opposite side) and that of the grains 
from the long-styled flowers being alxmt 100 to 75. Fritz 
Miillor also informs me that the pollen of the short-styled 
flowers has a bluish tint, whilst that of the long-styled is yellow. 
"When we treat of Lyi.hr mu wilmtria w t o shall find a strongly 
marked contrast in the colour of the pollen in two of the forms. 

The three genera, Menyanthes, Limnanthemum, and Yillarsia, 
now described, constitute a well-marked sul»-tril>e of the Gen- 
tiancnc. All the species, as far as at present known, are hetero- 
styled, and all inhabit aquatic or sukaquatic stations. 
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FoUSYTIIIA 8USPENSA (OlKAOE2E). 

Professor As a Gray states that, the plants of this species grow- 
ing in the Botanic Gardens at Cambridge, U.S.,are short-stvled, 
but that Siobold and Zuccarini describe the long-styled form, 
and give iigures of two forms; so that there can be little doubt, 
as he remarks, about the plant l>eing dimorphic.* 1 therefore 
applied to Dr. Hooker, who sent me a dried flower from Japan, 
another from China, and another from the Botanic. Gardens at 
Kew. The first proved to l»e long-styled, and the other two 
short-styled. In the long-styled form, the pistil is in length 
to that of the short-styled as 100 to 38, the lobes of the stigma 
being a little longer (as 10 to 9), but narrower and less diver- 
gent. This last character, however, may bo only a temporary 
one. There seems to be no difference in the papillose condition 
of the two stigmas. In the short-styled form, the stamens are 
in length to those of the long-styled as 100 to GO, but the anthers 
are shorter in the ratio of 87 to 100; and this is unusual, for 
when there is any difference in size between the anthers of the 
two forms, those from the longer stamens of the short-styled are 
generally the longest. The pollen-grains from the short-styled 
flowers are certainly larger, but only in a slight degree, than 
those from the long-styled, namely, as 100 to 91 in diameter. 
The short-styled form, which grows in the Gardens at Kew, has 
never there produced fruit. 

Forsyth ia viridisnimn appears likewise to be heterostyled ; for 
Professor Asa Gray remarks that, although the long-styled form 
alone grows in the gardens at Cambridge, U.S., the published 
figures of this species belong to the short-styled form. It is said 
never to produce seed with its own pollen.t 

Cord i a [sp.?] ( Cordi ace^e). 

Fritz Muller sent me dried specimens of this shrub, which he 
believes to be heterostyled ; and I have not much doubt that 
this is the case, though the usual characteristic differences are 
not well pronounced in the two forms. Linum. f/rtiudijlonun 
shows us that a plant may be heterostyled in function in the 
highest degree, and yet the two forms may have stamens of 
equal length, and pollen-grains of equal size. In the present 

* ‘The American Naturalist,’ July 187B, j». 422. 
t Mr. Wilder, as quoted in * Gard. Chronicle,' 18G8, p. 128G. 
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species of Cnrdia, the stamens of 1 *r»tli forms arc of nearly equal 
lonjrtli, tliose of llie short-styled being rather the loudest; and 
the anthers of hoth are scaled in the moutli of the corolla. Nor 
eouhl ] detect- any difference- in the size of the pollen-grains, 
when dry or after being soaked in water. The stigmas of the 
long-styled form stand clear above the anthers, and the whole 
pistil is longer than that ol* the short-styled, in about the ratio 
of 3 to 2. 

The stigmas of the short-styled form are seated beneath the 
anthers, and they are considerably shorter than those of the 
long-styled form. This latter difference is the most important 
oik* of any between the two forms. 

Gtlia (IroMorsis) fulciiella vel acguegata (Polemoni- 
aceje). 

Professor Asa Gray remarks with respect. to this plant : “ the 
t-endeney to dimorphism, of which there are traces, or perhaps 
rather incipient manifestations in various portions of the genus, 
is most marked in O', uiiymiutu”* He sent me some dried 
flowers, and 1 procured others from Kew. They differ greatly 
in size, some being nearly twice as long as others (viz. as 30 to 
17), so that it was not possible to compare, exec] >t by calculation, 
the absolute length of the organs from different plants. More- 
over, t he relative position of the stigmas and authors is variable : 
in some long-styled flowers the stigmas and anthers were ox- 
sorted only just beyond the throat of the corolla; whilst in 
others they were exserted as much as yL of an inch. 1 suspect 
also that the pistil goes on growing for some; time after the 
anthers have dehisced. Nevertheless it is possible to class the 
flowers under two : u*ms. In some of the long-styled, the length 
of pistil to that of the sliort-sl vied was as]0()to82; but this 
result was gained by reducing the size of the corollas to the 
same scale. Jn another pur of flowers the difference in length 
between the pistils of the two fonns was certainly greater, hut 
they were not actually measured. In the short-styled flowers 
whether large or small, the stigma is seated low down within 
the tube of the corolla. The papilhe on the long-styled stigma 
arc longer than those on the short-styled, in the ratio of 100 to 
40. The filaments in some of the short-styled flowers were, to 
tliose of the long-styled, as 100 to 2o in length, the free, or 

* ‘ Proc. American Acad, of Arts and Sciences,’ June 14, 1870, p. 275. 
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unattached portion l>eing alone measured; but this ratio can- 
not. l>e trusted, owing to the great variability of the stamens. 
The mean diameter of eleven pollen-grains from long-styled 
flowers, and of twelve from the short-styled, was exactly the 
same. It follows from these several statements, that the dif- 
ference in length and state of surface of the stigmas in the 
flowers is the sole reliable evidence that this species is lietero- 
sty led ; for it would lx_; rash to trust to the difference in the 
length of the pistils, seeing how variable they are. I should 
have left the case altogether doubtful, had it not been for the 
observations on the following species; and these leave little 
doubt on my mind that the present plant is truly hot erost vied. 
Professor Gray informs me that in another species, G. coroitofi- 
foliu, ludonging to the same section of the genus, he can see no 
sign of dimorphism. 

GlLIA (LuPTOKJPIION) MlGltANTllA. 

A few flowers sent mo from Kew had been somewhat injured, 
so that 1 cannot- say anything positively with respect, to the 
position and relative length of the organs in the two forms. 
But their stigmas differed almost, exactly in the same manner as 
in the last -species ; the papilla*, on the lung-styled stigma being 
longer than those* on the short -sty led, in the ratio of 100 to 4‘J. 
My son measured nine pollen-grains from the long-styled, and 
the same number from the. short-styled form; and the. mean 
diameter of the former was to that of the latter as 100 to Si. 
Considering this difference, as well as that between the stigmas 
of the two forms, there can bo no doubt that this species is 
hoterostyled. So probably is Gi/ia nm/irmilis , which likewise 
belongs to the Leptosiphon section of the- genus, for I hear from 
Professor Asa Gray that in some individuals the style is very 
long, with the stigma more or less exserted, whilst in others it 
is deeply included within the tube; the anthers lnjing always 
seated in the throat of the corolla. 

Phlox subtil at a (Polemontaceas)- 

Professor Asa Gray informs me that the greater numl>er of 
the species in this genus have a long pistil, with the stigma 
more or less exserted ; whilst several other species, especially the 
annuals, have a short pistil seated low down within the tube of 
the corolla. In all the secies the anthers are arranged one 



120 IIETEKOSTYLED DIMORPHIC PLANTS. Chai\ III. 

below the other, the uppermost just protruding from the throat ' 
of the corolla. In Vhfajr. mhulntu alone*, he has “ seen 1 K)th long 
and short styles; and here the sliort-stvled plant has (irrespec- 
tive of this character) been described as a distinct species (P. 
m‘ rafts, 1\ Ihutzii ), and is apt to have a pair of ovules in each 
cell, while the long-styled 1\ safmlaia rarely shows mores than 
one.”* Some dried flowers of both forms were sent me by him, 
and I received others from Kew, but. T have failed to make 
out whether the species is hcterostyled. In two flowers of 
nearly equal size, the pistil of the long-styled form was twice as 
Jong as that of the short-styled; but in other eases the differ- 
ence was not nearly so great. Tin; stigma of the long-styled 
pistil stands nearly in the throat of the corolla; whilst in the 
short-styled it is placed low down — sometimes very low down 
in the tube, for it varies greatly in position. The stigma is 
more papillose, and of greater length (in one instance in the 
ratio of 100 to 07), in the short-styled flowers than in the 
long-styled. My soil measured twenty pollen-grains from a 
short-styled flower, and nine from a long-styled, and the 
former were in diameter to the latter as 100 to 03; and this 
difference accords with the belief that the plant is lietero- 
styled. Put the grains from the short-styled varied much in 
diameter, lie afterwards measured ton grains from a distinct 
long-styled flower, and ten from another plant of the same form, 
and these grains differed in diameter in the ratio of 100 to 90. 
The mean diameter of these two lots of twenty grains was to 
that of twelves grains from another short -styled flower as 1(X) to 
75: here!, then, the grains from the short-styled form were con- 
siderably smaller than those from the long-styled, which is the 
reverse of what occurred in tins former instance, and of what is 
the general rule vith hcterostyled plants. The whole case is 
perplexing in the highest degree, and will not he understood 
until experiments are tried on living plants. The greater length, 
and more papillose condition of the stigma in the short-styled 
than in the long-styled flowers, looks as if the plant was hetero- 
styled; for we know that with some species — for instance, Leu- 
cosmia and certain lluhiaceaj — the stigma is longer and more 
papillose in the short-styled form, though the reverse of this 
holds good in Cilia, a member of the same family with Phlox. 
The similar posi f ion of the anthers in the two forms is somo- 


* 4 Proc. American Acad, of Arts and Sciences,’ June 14, 1870, p. 248. 
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what opposed to the present species licing heterostyled ; iis is 
the grout difference in tlie length of the pistil in sever; il short- 
styled Hewers. But the extraordinary variability in diameter of 
the pollen-grains, and the fact that in one set of flowers the 
grains from the long-styled flowers were larger than those from 
the short-styled, is strongly opposed to the belief that Phl-tx 
subulata is heterostyled. Possibly this species was once hetero- 
styled, but is now Incoming suWioecious; the short-styled 
plants having been rendered more feminine in nature. This 
would account for their ovaries usually containing more ovules, 
and for the variable condition of their pollen-grains. Whether 
the long-styled plants are now changing their nature, as would 
appear to be Hie case from the variability of their pollen-grains, 
and are becoming more masculine, 1 will not pretend to con- 
jecture; they might remain as hermaphrodites, for the co- 
existence of hermaphrodite and female plants of the samo 
species is by no means a rare event. 

ErYTHROXYLUM [sc. ?] (rhtYTlIROXYLIDiE). 

Fritz Midler sent me from South Brazil dried flowers of this 
tree, together with the accompanying drawings, which show the 
two forms, magnified about five times, with the petals removed. 

Fig. 8. 



Long-styled form. Short -styled form. 

From a sketch by Fritz Muller, magnified five times. 


Erytiikoxylon [sp. ?]. 
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In the long-styled form the stigmas project above the anthers, 
and the styles are nearly twice as long as those of the short- 
styled form, in which the stigmas stand beneath the anthers. 
The stigmas in many, but not in all the short-styled flowers are 
larger than those in the long-styled. The anthers of the short- 
styled flowers stand on a level with the stigmas of the other 
form ; but the stamens are longer by only one-fonrtli or one-fifth 
of their own length than those of the long-styled. Consequently 
the anthers of the latter do not. stand on a level with, but rather 
al>ovc the stigmas of the other form. Differently from what 
occurs in the following closely allied genus, Selhia, the stamens 
are of nearly equal length in the flowers of the same form. The 
pollen-grains of the short-styled flowers, measured in their dry 
state, are a little larger than those from the long-styled flowers 
in about the ratio of 100 to 0o.* 


Sethi a acuminata (Ek ytiihox ylid.e ). 

Mr. Thwaites pointed out several years ago f that this plant 
exists under two forms, which he designated as forma slt/losa el 
slaminen ; and the flowers sent to me by him are clearly lietero 
stylcd. In the long-styled form the pistil is nearly twice as 
long, and the stamens half as long as the corresponding organs 
in the short-styled form. The stigmas of the Jong-styled seem 
rather smaller than those of the short -styled. All the stamens 
in the short-styled flowers are of nearly equal length, whereas 
in long-styled they differ in length, being alternately a little 
longer and shorter; and this difference in the stamens of the 
two forms is probably related, as we shall hereafter see in 
the case of the short-styled flowers of l.yihmm mliraria , to the 
manner in which insects can best transport pollen from the 
long-styled flowers to the stigmas of the short-styled. The 
poll on -grains from the short-styled flowers, though variable in 
size, are to those of the long-styled, as far as I could make out, 
as 100 to 83 in their longer diameter. Selhia oblusifolia is 
heterostyled like & acuminata. 


* F. M idler remarks iu his let- 
ter to rue that the flowers, of which 
he carefully examined many spe- 
cimens, are curiously variable 
in the number of their parts: 
5 sepals and petals, 10 stamens 
and 3 pistils are the prevailing 


numbers ; lmt the sepals and petals 
often vary from f> to 7 ; the sta- 
mens from 10 to 14, and the pistils 
from 3 to 4. 

t ‘ Enumeratio Plantarum Zey- 
lunite,’ 1SG4. p. 54. 
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CrATOXYLON i’ORMOSUM (IlYPKRfCINE.T?). 

Mr. Tinsel ton Dyer remarks that this tree, an inhabitant of 
Malacca anil Borneo, a] >poars to he lieterostyleil.* He sent me 
dried flowers, and the difl’ercncc hetween the two forms is con- 
spicuous. In the long-styled form the pistils are in length to 
those of the short-styled as 100 to 40, with their globular 
stigmas about twice as thick. These stand just above the numer- 
ous anthers and a little beneath the. tips of the petals. In the 
short-styled form the anthers project high above the pistils, the 
stigmas of which diverge between the three bundles of stamens, 
and stand only a little above the tips of the sepals. The 
stamens in this form are to those of tin* long-styled as 100 to 86 
in length ; and therefore they do not differ so much in length 
as do the pistils. Ten pollen-grains from each form were 
measured, and those from the short-styled were to those from 
the long-styled as 100 to 86 in diameter. Tin's plant, therefore, 
is ill all respects a well -characterised lieterostyleil species. 


JEGIPITILA ELATA (YkIUJENACEjIO. 

Mr. Ik *n t ham was so kind as to send me dried flowers of this 
species and of - K. mull in, boll) inhabitants of South America. 
The two forms differ conspicuously, as the deeply bifid stigma 
of the one, and the anthers of the other project far above the 
mouth of the corolla. In the long-styled form of the present 
species, the style is twice and a half as long as that of the short- 
styled. The divergent stigmas of the two forms do not differ 
much in length, nor as far as 1 could perceive in their pa] hike. 
In the long-styleil flowers the filaments adhere to the corolla 
close up to the anthers, which are enclosed some way down 
within the tube. In the short-styled flowers the filaments are 
free alxive the point where the anthers are seated in the other 
form, and they project from the corolla to an equal height with 
that of the stigmas in the long-styled flowers. It is often 
difficult to measure with accuracy pollen-grains, which have 
long l>een dried and then soaked in wafer; but they here 
manifestly differed greatly in size. Those from the short-styled 
flowers were to those from the long-sfyleil in diameter in 


* * Journal of Botany,’ London, 1872, p. 2(j. 
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alxmt the ratio of 100 to 02. The two forms of A <J. mollis 
present a like difference in the length of their pistils and 
stamens. 


JEGiriTILA 013DURATA. 

Flowers of this hnsh were sent me from St. Catharina in 
Brazil, by Fritz Muller, and were named for me at Kew. They 
appeared at first sight grandly hoterostyled, aR the stigma of 
the long-styled form projects far ont of the corolla, whilst the 
anthers are seated halfway down within the till*}; whereas in the 
short-styled form the anthers project from the corolla and the 
stigma is enclosed in the lube at nearly the same level with the 
anthers of the other form. The pistil of the long-styled is to 
that of the short-styled as 100 to 00 in length, and the stigmas, 
taken by themselves, as 100 to 50. Nevertheless, this plant 
cannot be hoterostyled. The anthers in the long-stvled form 
are brown, tough, and fleshy, and less than half the length 
of those in the short-styled form, strictly as 44 to 100 ; and 
what is much more important, they were in a rudimentary 
condition in the two flowers examined by me, and did not 
contain a single grain of pollen. In the short-styled form, the 
divided stigma, which as we have seen is much shortened, 
is thicker and more fleshy than the stigma of the long- 
styled, and is covered with small irregular projections, formed 
of rather large cells. It had the appearance of having suf- 
fered from hypertrophy, and is probably incapable of fertili- 
sation. If this be so the plant is dioecious, and judging from 
the two species previously described, it probably was once 
heterostyled, and has since been rendered dioecious by the 
pistil in the one form, and the stamens in the other having 
become functionless and reduced in size. It is, however, 
possible that the flowers may be in the same state as those of 
the common thyme and of several other Labiatae, in which 
females and hermaphrodites regularly co-exist. Fritz Miiller, 
who thought that the present plant was heterostyled, as I 
did at first, informs mo that he found bushes in several places 
growing quite isolafcd, and that these were completely sterile; 
whilst two plants growing close together were covered with 
fruit. This fact agrees better with the belief that the species is 
di<Bcious than that it consists of hermaphrodites and females; 
for if any one of the isolated plants had been an hermaphrodite, 
it would probably have produced some fruit. 
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Rubiaceje. 

This great natural family contains a much larger 
numher of heterostylcd genera than any oilier one, as 
yet known. 

Mitehella repens. — Trof. Asa Gray sent me several 
living plants collected when out of flower, and nearly 
half of those proved long-styled, and the other half 
short-styled. The white flowers, which are fragrant 
and which secrete plenty of nectar, always grow in 
pairs with their ovaries united, so that the two together 
produce “a herry-like double drupe.”* In my first 
series of experiments (18(M) I did not suppose that 
this curious arrangement of the flowers would have any 
influence on their fertility ; and in several instances 
only one of the two flowers in a pair was fertilised; 
and a large proportion or all of these failed to produce 
berries. In the ensuing year both flowers of each 
pair were invariably fertilised in the. same manner; 
and the latter experiments alone servo to show the 
proportion of flowers which yield berries, when legiti- 
mately and illegitimately fertilised; but for calcu- 
lating the average number of seeds per berry 1 have 
used those produced during both seasons. 

In the long-styled flowers the stigma projects just 
above the bearded throat of the corolla, and the? 
anthers are seated some way down the tube. Tn the 
short-styled flowers these organs occupy reversed posi- 
tions. In this latter form the fresh pollen-grains are 
a little larger and more opaque than those of the long- 
styled form. The results of my experiments are given 
in tin* following table. 


* A. Gray, 4 Manual of the 15ot. of the N. United States, * 1830, 
I». 172. 
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Taisle 21. 

M Uclwlfn irpufi. 


Average 

; Number of Nunilier of Nunilierof 
fair*. of I >rupes pro- p hh i Seeds 

Nature of Union. Hmvers for- dueed during per hrupe in 

tdi>ed during the second all the Urupcs 
1 the second ; Season. during the 
Season. two Seasons. 


Long-styled Howers, by pollen oft 
short-styled. Legitimate union / 


8 

4*0 

Long-styled flowers, by own-form 1 
pollen. Illegitimate union . ./ 

s 

:s 

C 1 • 2 

Short-styled flowers, by pollen off 
long-styled. Legitimate union. I 

S 

7 

4* 1 

Short-styled flowers, by own-form 1 
pollen. Illegitimate union . ./ 

o ! 

0 

; 2-0 

The two legitimate unions to-1 
get her j 

17 ! 

15 

4*4 


The two illegitimate unions to- 
gether 


It follows from this table t-liat 88 per cent,, of the 
paired flowers of both forms, when legitimately fer- 
tilised, yielded double berries, nineteen of which con- 
tained on an average 4*4 seeds, with a maximum in 
one of 8 seeds. Of the 1 illegitimately fertilised paired 
flowers only 38 per cent, yielded berries, six of which 
contained on an average only 2*1 seeds, with a maxi- 
mum in one of 4 seeds. Thus the two legitimate 1 
unions are more fertile than the two illegitimate, 
according to the proportion of flowers which yielded 
berries, in the ratio of 100 to 20; and according to 
the average 1 number of contained seeds as 100 to 47. 

Three long-styled and three short-styled plants 
were protected under separate nets, and they produced 
altogether only 8 berries, containing on an average 
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only 1*5 seed. Some* additional Ik Trios wort' produced 
which contained no seeds. The plants thus treated were 
therefore excessively sterile, and their slight degree of 
fertility may be attributed in part to the action of the 
many individuals of Th rips which haunted the flowers. 
Mr. J. Scott informs me that a single plant (probably 
a long-styled one), growing in the Botanic Cardens at 
Edinburgh, which no doubt was freely visited by in- 
sects, produced plenty of berries, but how many of 
them contained seeds was not observed. 

BORRERIA, NOV. Sl\ NEAR VALERI AN OIDES (IiUBIACE.E). 

Fritz Muller sent, me seeds of this plant, which is 
extremely abundant in St. Catliarina, in South Brazil ; 
and ton plants wen* raised, consisting of live long- 
styled and five short-styled. The pistil of the long- 
styled flowers projects just beyond the mouth of the 
corolla, and is thrice as long as that of the short- 
styled, and the divergent, stigmas are likewise rather 
larger. The anthers in the long-styled form stand 
low down within the corolla., and are <|uito hidden. 
In the short-styled flowers the anthers project just 
above the mouth of the corolla, and the stigma stands 
low down within the tube. Considering the grout 
difference in the length of tin* pistils in the two forms, 
it is remarkable that the pollen-grains differ very little 
in size, and Fritz Muller was struck with the same 
fact. In a dry state the grains from the short-styled 
flowers could just be perceived to be larger than those 
from the? long-styled, and when both were swollen by 
immersion in water, the former were to the latter in 
diameter in the ratio of 100 to 02. Jn the long-styled 
flowers beaded hairs almost fill up the mouth of the 
corolla and project above it ; they therefore stand 
above the anthers and beneath the stigma. In the 
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short-styled flowers a similar brush of hairs is situated 
low down within the tubular corolla, above the stigma 
and beneath the anthers. The presence of these beaded 
hairs in both forms, though occupying such different 
positions, show's that they are probably of considerable 
functional importance. They would serve to guard the 
stigma of each form from its own pollen; but in 
accordance with Prof. Iverner’s view* their chief use 
probably is to prevent the copious nectar being stolen 
by small crawling insects, which could not render any 
service to the species by carrying pollen from one form 
to the othei. 

The 1 flowers are so small and so crowded together 
that 1 was not willing to expend time in fertilising 
them separately ; but I dragged repeatedly heads of 
short-styled flowers over three long-styled flower-heads, 
which were thus legitimately fertilised ; and they pro- 
duced many dozen fruits, each containing two good 
seeds. I fertilised in the same 1 manner three heads 
on tin* same long-styled plant, with pollen from another 
long-styled plant, so that these were fertilised illegiti- 
mately, and they did not yield a single seed. Nor did 
this plant, which was of course protected by a. net, 
bear spontaneously any seeds. Nevertheless another 
long-styled plant, which was care Tally protected, pro- 
duced spontaneously a very few’ seeds; so that tin* 
long-styled form is not always quite sterile with its 
own pollen. 

FARAMEA [ SP. ?] (lil BIACEJE). 

Fritz Muller has fully described the two forms of this 
remarkable plant, an inhabitant of South Brazil. t In 

* ‘Die Schutzmitlcl tier 151 ii- f 4 Lot. Zcitung,’ Sept. 10, 1809. 

then frejzen uuberulcno Caste,’ p. (500. 

1870, p. 97. 
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the long-styled form the pistil projects above the 
corolla, and is almost exactly twice as long as that of 
the short-styled, which is included within the tube. 
The former is divided into two rather short and broad 
stigmas, whilst the short-styled pistil is divided into 
two long, thin, sometimes much curled stigmas. The 
stamens of each form correspond in height or length 
with the pistils of the other form. The anthers of 
the short-styled form are a little larger than those 
of the long-styled ; and their pollen-grains are to 
those of the other form as 100 to 07 in diameter. 
But the pollen-grains of the two forms differ in a 
much more remarkable manner, of which no other 


Fig « 



Short-styled form. Long-styled form. 

Outlines of flowers from dried specimens. Pollen-grains, magnified 1 m> 
times, by Fritz Miiller. 

Faramea [sp. ?]. 

instance is known; those from the short-styled flowers 
being covered with sharp points ; the smaller ones 

K 
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from the long-stvled being quite smooth. Fritz Muller 
remarks that this difference between the pollen-grains 
of the two forms is evidently of service to the plant ; 
for the grains from the projecting stamens of the short- 
styled form, if smooth, would have been liable to be 
blown away by the wind, and would thus have been 
lost ; but the little points on their surfaces cause them 
to cohere, and at the same time favour their adhesion 
to the hairy bodies of insects, which merely brush 
against the anthers of these stamens whilst visiting 
the flowers. On the other hand, the* smooth grains 
of the long-styled flowers are safely included within 
the tube ol‘ the corolla, so that they cannot be blown 
away, but are almost sure to adhere to the proboscis of 
an entering insect, which is necessarily pressed close 
against the enclosed anthers. 

It may be remembered that in the long-styled form 
of Liman jwenne each separate stigma rotates on its 
own axis, when the flower is mature, so as to turn its 
papillose surface outwards. There can he no doubt 
that, this movement, which is confined to the long- 
styled form, is effected in order that the proper sur- 
face of the stigma should receive* pollen brought by 
inserts from the other form. Now with Faralnea, as 
Fritz Muller shows, it is tin* stamens which rotate on 
their axes in cue of the two forms, namely, the short- 
styled, in order that their pollen should be brushed off 
by insects and transported to the stigmas of the other 
form. In the long-styled flowers the anthers of the* 
short enclosed stamens do not rotate on tlieir axes, 
but dehisce on their inner sides, as is the common 
rule with the liubiacea* ; and this is the best position 
for the adherence of the pollen-grains to the proboscis 
of an entering insect. Fritz Muller therefore infers 
that as the plant became lieterostyled, and as the 
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stamens of the short-styled form inereased in length, 
they gradually acquired the highly beneficial power 
of rotating on their own axes. But he has further 
shown, by the careful examination of many flowers, 
that this ]>ower has not as yet been perfected ; and, 
consequently, that a certain proportion of the pollen 
is rendered useless, namely, that from the anthers 
which do not rotate properly, it thus appears that 
the development of the plant has not as yet been com- 
pleted ; the stamens have? indeed acquired their proper 
length, but not their full and perfect power of rotation.* 
The several points of difference in structure between 
the two forms of Faramea are highly remarkable. 
Until within a recent period, if any one had been 
shown two plants which differed in a uniform manner 
in the length of their stamens and pistils, — in tin* 
form of their stigmas, — in the manner of dehiseence 
and slightly in the size of their anthers,— and to an 
extraordinary degree in the diameter and structure of 
their pollen-grains, lie would have declared it. impos- 
sible that the two could have belonged to one and tin* 
same species. 


Huteuia (species unnamed in the herbarium at Ivew) 
(Kuhiackjk). 

I owe to the kindness of Fritz Miillor dried flowers of this 
plant from St. Catharina, in Brazil. In tin* long-styled form the 
stigma stands in the mouth of tins corolla, above the anthers, 


* Fritz Muller gives another 
instance of the want of absolute 
perfection in the flowers of another 
member of the iiubiacea;, namely, 
jPo noqwria frag ran * , which is 
adapted in a most wonderful man- 
ner for cross- fertilisation by the 
agency of moths. (See ‘ Hot. 
Zeitung,’ 1800, No. 17.) In ac- 


cordance with the nocturnal habits 
of these inserts, most of the flowers 
open only during the night: hut 
some open in the day, and the 
pollen of such flowers is robbed, ns 
Fritz M idler has often seen, by 
humble-bees and oilier inserts, 
without any benefit being thus 
conferred on the plant. 

K 2 
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which latter are enclosed within the tube, but only a short way 
down. In the short-styled form tlie anthers are placed in the 
mouth of the corolla al>oye the stigma, which occupies the same 
position as the anthers in the other form, being seated only a 
short way down tlu; tube. Therefore the pistil of the long-styled 
form does not exceed in length that of the short-styled in 
nearly so great a degree as in many other Rubiacca). Never- 
theless there is a considerable difference in the size of the pollen- 
grains in the two forms; for, as Fritz Miiller informs me, those 
of the short-styled are to those of tlie long-styled as 100 to 
75 in diameter. 

Houston! a cxekulea (Ruuiackze). 

Prof. Asa Cray has l>oen so kind as to send me an abstract of 
some observations made by Dr. Roth rock on this plant. The 
pistil is exserted in the one form and the stamens in the 
other, as has long been observed. Tlie stigmas of tlie long- 
stvled form are shorter, stouter, and far more hispid than in 
the other form. The stigniatic hairs or papilla) on the former 
are *01 mm., and on the latter only *023 mm. in length. In the 
short-styled form the anthers are larger, and the pollen-grains, 
when distended with water, are to those from the long-styled 
form as 100 to 72 in diameter. 

Selected capsules from some long-styled plants growing in 
tlie botanic Gardens at Cambridge, U.S., near where plants 
of the other form grew, contained on an average 13 seeds; 
but these plants must have been subjected to unfavourable 
conditions, for some long-styled plants in a state of nature 
yielded an average of 21*5 seeds per capsule. Sonic short-styled 
plants, w hich bad been planted by themselves in the botanic 
Gardens, where r. was not likely that they w*ould have been 
visited by insects that had previously visited long-styled plants, 
produced capsules, eleven of which were wholly sterile, but one 
contained 4, and another 8 seeds. So that the short-styled 
form seems to be very sterile with its own pollen. Prof. Asa 
Gray informs me that the other North American species of this 
genus are likewise heterostyled. 


OLDENLANDIA [bp. ?] (ElTIUAC’E/E). 

Mr. J. Scott sent me from India dried flowers of a hctcro- 
stylcd species of this genus, which is closely allied to the last. 
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The pistil in the long-styled flowers is longer l>y al > 011 1. a quarter 
of its length, and the stamens shorter in about the same pro- 
portion, than the corresponding organs in the short-styled 
flowers. In the latter the anthers are longer, and the divergent 
stigmas decidedly longer and apparently thinner than in the 
long-styled form. Owing to the state of the specimens, 1 could 
not decide whether the stiginatic papilla) were longer in the 
one form than in the other. The pollen-grains, distended with 
water, from the short-styled flowers were to those from the long- 
styled as 100 to 78 in diameter, as deduced from the mean of 
ten measurements of each kind. 


HeDYOTIS [SP. ?] (IllTLIACEiE). 

Fritz Midler sent, me from St. Catharina, in Brazil, dried flowers 
of a small delicate species, which grows on wet sand near the 
edges of fresh-water pools. In flu*. long-styled form the stigma 
projects aU>ve the corolla, and stands on a level with the pro- 
jecting anthers of the short-styled form; but in the latter the 
stigmas stand rather beneath the level of the anthers in the 
other or long-styled form, these being enclosed within the tube 
of the corolla. The pistil of the long-styled form is nearly thrice 
as long as that of the short-sty let I, or, speaking strictly, as 
100 to 3 ( J; and the papilko on the stigma of the former are 
broader, in the ratio of 4 to 8, but whether longer than those of 
the short-styled, 1 could not (bride. In the short-styled form, 
the anthers are rather larger, and the pollen-grains are to those 
from the long-styled flowers, as 100 to 88 in diameter. Fritz 
Muller sent, mo a second, small-sized species, which is likewise 
hetorostyled. 


COCCOCYPSELUM [SP. ?] (RUBIACEiE). 

Fritz Muller also sent me dried flowers of this plant from 
St. Catharina, in Brazil. The exserted stigma of the long-styled 
form stands a little above the level of the exserted anthers of the 
sliort-stylod form ; and the enclosed stigma of the latter also 
stands a little above the level of the enclosed anthers in the long- 
styled form. The pistil of the long-styled is al > 011 1 twice as long 
as that of the short-styled, with its two stigmas considerably 
longer, more divergent, and more curled. Fritz Muller informs 
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mo that lie could detect no difference in the size of the pollen- 
brains in the two forms. Nevertheless, there can be no doubt 
that this plant is lietcrostyled. 

Ljpostoma [sp. ?] (Rubiaoilze). 

Dried flowers of this plant, which grows in small wet ditches 
in »St. Catharina, in Brazil, were likewise sent me by Fritz 
Miil lor. In the long-styled form the exserted stigma stands 
rather above the level of the exserted anthers of the other form; 
whilst in the short -styled form it stands on a level with the 
anthers of the other form. So that the want of strict corre- 
spondence in height between the stigmas and anthers in the two 
forms is reversed, compared with what occurs in Hedyotis. The 
long-styled pistil is to that of the shortest vied as 100 to 36 in 
length ; and its divergent stigmas are longer by fully one-third 
of their own length than those of the short-styled form. In the 
latter the anthers are a little larger, and the pollen-grains are 
as 100 to 80 in diameter, compared with those from the long- 
styled form. 


Cinchona mtcbantiia (Rub jack.®:). 

Dried specimens of both forms of this plant wore sent me from 
Kew.* In the long-styled form the apex of the stigma stands 
just beneath the bases of the hairy lobes of the corolla; whilst 
the summits of the anthers are seated about- halfway down 
the tilin'.. The pistil is in length as UK) to 88 to that, of the 
short-styled form. In the hitter the anthers occupy the same 
position as the stigma of the other form, and they arc con- 
siderably longer than those of the long-styled form. As the 
summit of the stigma in the short-styled form stands beneath 
the bases of the anthers, which are seated halfway down the 
corolla, the style lias been extremely shortened in this form; 
its length to that of the long-stvled being, in the specimens 
examined, only as 5*8 to 100! The stigma, also, in the short- 
styled form is very much shorter than that in the long-styled, 
in the ratio of 57 to 100. The pollen-grains from the short- 

* My attention was called to 3, given by Mr. Markham in liis 
this plant by a drawing copied 4 Travels in Peru/ p. 533. 
lrom Howard’s ‘ Quinologia/ Tab. 
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styled flowers, after having lecn soaked in water, were rather 
larger— in al>out the ratio of 100 to 91— than those from the long- 
styled flowers, and they were more triangular, with the angles 
more prominent. As all the grains from the short-styled flowers 
were thus characterised, and as they had l>ecn left in water for 
three days, I am convinced that this difference in shape in the 
two sets of grains cannot he accounted for by unequal distension 
with water. 

Besides the several Ttuhiaceous genera already mentioned, 
Fritz Muller informs me that two or three sjxjcies of Psychotria 
and liudfjea iriunthi , natives of St. Catharina, in Brazil, are 
lieterostyled, as is Mancttia hi col or. I may add that I formerly 
fertilised with their own pollen several flowers on a plant of 
this latter species in my hothouse, but they did not set a single 
fruit. From Wight and Arnott’s description, there seems to l>e 
little doubt that Knoxia in India is lieterostyled ; and Asa Gray 
is convinced that this is the case with Diodia and N]x*rmacoce 
in the United States. Lastly, from Mr. W. W. Bailey’s descrq>- 
tion * it appears that the Mexican JlvunanUn hiuntha is lietero- 
styled. 

Altogether we now know of 17 lieterostyled genera 
in the groat family of the llubiaceai ; though more 
information is necessary witli respect to some of them, 
more especially those mentioned in the last para- 
graph, before we can feel absolutely sale. In the 
‘Genera Plantarum,’ by Ecntham and Hooker, the 
Rubiacem are divided into 25 tribes, containing 337 
genera; and it deserves notice that the genera now 
known to be lieterostyled are not grouped in one or 
two of these tribes, but are distributed in no less than 
eight of them. From this fact we may infer that 
most of the genera have acquired their lieterostyled 
structure independently of one another; that is, they 
have not inherited this structure from some one or 
even two or three progenitors in common. It further 

* Bull, of the Torrey Bot. Club,* 1870, p. 100. 
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deserves notice that in the homostyled genera, as I 
am informed by Professor Asa Gray, the stamens are 
either exserted or are included within the tube of the 
corolla, in a nearly constant manner; so that this 
character, which is not even of specific value in the 
heterostyled species, is often of generic value in other 
members of the family. 
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CHAPTER IV. 

Heterosty led Trimorphic Plants. 

Lythrum salicaria — Description of the three forms — Their power and 
complex manner of fertilising one another — Eighteen different 
unions possible — Mid-stylcd form eminently feminine in nature — 
Lythrum Groefferi likewise trimorphic— L. tliymifolia dimorphic — 
L. hyssopifolia liomostyled — Nesma verticillata trimorphic — Lager- 
stremnia, nature doubtful — Oxalis, trimorj)liic sjxxues of — O. Vahli- 
viana — O. lteguelli, the illegitimate unions quite barren — O. spe- 
ciostv — O. seusitiva — liomostyled species of Oxalis — Pontederia, 
the one monoc-otyledomms genus known to include he-terostylcd 
species. 

In the previous chapters various heterosty led dimor- 
phic plants have been described, and now we come to 
hetorostyled trimorphic plants, or those which present 
three forms. These lnive been observed in three 
families, and consist of species of Lythrum and of the 
allied genus Nesiea, of Oxalis and Pontederia. In 
their manner of fertilisation these plants offer a more 
remarkable case than can be found in any other plant 
or animal. 

Lythrum salicaria. — Tho pistil in each form differs 
from that in either of tho other forms, and in each 
there arc two sets of stamens different in appearance 
and function. But one set of stamens in each form 
corresponds with a set in one of the other two forms. 
Altogether this one species includes three females or 
female organs and three sets of male organs, all as 
distinct from one another as if they belonged to dif- 
ferent species; and if smaller functional differences 
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are considered, there arc five distinct sets of males. 
Two of the three hermaphrodites must coexist, and 
pollen must l>e carried by insects reciprocally from one 
to the other, in order that either of the two should be 
fully fertile; but unless all three forms coexist, two 
sets of stamens will Ik; wasted, and the organisation of 
the species, as a whole, will be incomplete. On the 
other hand, when all three hermaphrodites coexist, and 
pollen is carried from one to the other, the scheme 
is perfect; there is no waste of pollen and no false co- 
adaptation. In short, nature has ordained a most com- 
plex marriage-arrangement., namely a triple union 
between three hermaphrodites,' — each hermaphrodite 
being in its female organ quite distinct from the other 
two hermaphrodites and partially distinct in its male 
organs, and each furnished with two sots of males. 

The three forms may be conveniently called, from 
the unequal lengths of their pistils, the long-styled , mid - 
styled, and short-styled. The stamens also are of unequal 
lengths, and these may be called the longest , mid-length, 
and shortest. Two sets of stamens of different length are 
found in each form. The existence of the throe forms 
was first observed by Vaucher,* and subsequently more 
carefully by Wirtgen ; but these botanists, not being 
guided by any theory or oven suspicion of their func- 
tional differences, did not perceive some of the most 
curious points of difference in their structure. 1 will 
first briefly describe the three forms by the aid of the 
accompanying diagram, which shows the flowers, six 
times magnified, in their natural position, with their 
petals and calyx on the near side removed. 


* 1 Hist. PLvs. dcs Plantes uiul dessen Formen,” ‘ Verhand. 
d’Europe/ tom. ii. 1841, p. 371. dcs naturliist. Vereins fur preuas. 
Wirtgen, 4 * \J ebei Lyihrum salicaria Rheinl/ 5. Jahrgang, 1848, S. 7. 
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Long-styled form . — This form can be at once recog- 
nised by the length of the pistil, which is (including 
the ovarium) fully one-third longer than that of the 
mid-sty led, and more than thrice as long as that of the 
short-styled form. It is so disproportionately long, that 
it projects in the bud through the folded petals. It. 
stands out considerably beyond the mid-length sta- 
mens; its terminal portion depends a little, but the 
stigma itself is slightly upturned. The globular stigma 
is considerably larger than that of the other two forms, 
with the papilla; on its surface generally longer. The 
six mid-length stamens project about two-thirds the 
length of the pistil, and correspond in length with the 
pistil of the mid-sty] ed form. Such correspondence 
in this and the two following forms is generally very 
close ; the difference, where there is any, being usually 
in a slight excess of length in the stamens. The six 
shortest stamens lie concealed within the calyx; their 
ends are turned up, and they are graduated in length, 
so as to form a double row. The anthers of these sta- 
mens are smaller than those of the mid-length ones. 
The pollen is of the same yellow colour in both sets. 
H. Muller* measured the pollen-grain in all three 
forms, and his measurements arc evidently more trust- 
worthy than those which I formerly made, so I will 
give them. The numbers refer to divisions of the 
micrometer equalling -^ ){T mm. The grains, distended 
with water, from the mid-length stamens are 7-7£, 
and those from the shortest stamens G- in diameter, 
or as 100 to 8G. Tlie capsules of this form contain 
on an average 93 seeds : how this average was ob- 
tained will presently be explained. As these seeds, 
w r hen cleaned, seemed larger than those from the mid- 

* ' Dio Befmchtung der Blumen/ 1S73, p. 193. 
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styled or sliort-styled forms, 100 of them were placed 
in a good balance, and by the double method of weigh- 
ing were found to equal 121 seeds of the mid-sty] ed or 
142 of the short-styled ; so that five long-styled seeds 
very nearly equal six mid-styled or seven short-styled 
seeds. 

Mid-styled form . — The pistil occupies the position 
represented in the diagram, with its extremity con- 
siderably upturned, but to a variable degree; the 
stigma is seated between the anthers of the longest 
and the shortest stamens. The six longest stamens 
correspond in length with the pistil of the long-styled 
form; their filaments are coloured bright pink; the 
antliers are dark-coloured, but from containing bright- 
green pollen and from their early dehiscence they appear 
emerald-green. Hence in general appearance these 
stamens are remarkably dissimilar from the mid-length 
stamens of the long-styled form. The six shortest sta- 
mens are enclosed within the calyx, and resemble in 
all respects the shortest stamens of the long-styled 
form ; both these sots correspond in length with the 
short pistil of the short-styled form. The green pol- 
len-grains of the longest stamens are 9-10 in dia- 
meter, whilst the yellow grains from the shortest 
stamens arc only 6 ; or as 100 to G3. But the pollen- 
grains from different plants appeared to me, in this 
case and others, to be in some degree variable in size. 
The capsules contain on an average 130 seeds; but 
perhaps, as we shall see, this is rather too high an 
average. The seeds themselves, as before remarked, 
are smaller than those of the long-styled form. 

Sliort-styled form . — The pistil is here very short, not 
one-third of the length of that of the long-styled form. 
It is enclosed within the calyx, which, differently from 
that in the other two forms, does not enclose any an- 
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tilers. The end of the pistil is generally bent upwards 
at right angles. The six longest stamens, with their 
pink filaments and green pollen, resemble the corre- 
sponding stamens of the mid-sty led form. But accord- 
ing to II. Muller, their pollen-grains are a little larger, 
viz. 9^-10J-, instead of 9-10 in diameter. The six 
mid-length stamens, with their uncoloured filaments 
and yellow pollen, resemble in the size of their poll en- 
grains and in all other respects the corresponding 
stamens of the long-styled form. The difference in 
diameter between the grains from the two sets of 
anthers in the short-styled form is as 100 to 73. 
The capsules contain fewer seeds on an average than 
those of either of the preceding forms, namely 83*5; 
and the seeds are considerably smaller. In this latter 
respect, but not in number, there is a gradation 
parallel to that in the length of tin* pistil, the long- 
styled having the largest seeds, the mid-styled the 
next in size, and the short-styled the smallest. 

We thus see that this plant exists under three 
female forms, which differ in the length and curva- 
ture of the style, in the size and state of the stigma, 
and in the number and size of the seed. There are 
altogether thirty-six males or stamens, and these can 
be divided into three sets of a dozen each, differing 
from one another in length, curvature, and colour of 
the filaments — in the size of the anthers, and espeeially 
in the colour and diameter of the pollen-grains. Each 
form bears half-a-dozen of one kind of stamens and 
half-a-dozen of another kind, but not all three kinds. 
The three kinds of stamens correspond in length with 
the three pistils : the correspondence is always between 
half of the stamens in two of the forms with the pistil 
of the third form. The following table of the diameters 
of the pollen-grains, after immersion in water, from 
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both sets of stamens in all three forms is copied from 
II. Muller; they are arranged in the order of their 
size : — 


Pollen-grains from longest stamens of short-styled form 

„ „ w ^ mid-st vied „ 

„ „ mid-length stamens of long-styled „ 

„ „ „ v short-styled „ 

„ „ shortest stamens of long-styled „ 

„ „ „ „ mid-st vlwl „ 


01 to 10£ 
0 “ „ 10 
7 „ 71 
7 „ 71 

t> V 


We here see that the largest pollen-grains come from 
the longest stamens, and the least from the shortest ; 
the extreme difference in diameter between them 
being as 100 to 00. 

The average number of seeds in the three forms was 
ascertained by counting them in eight fine selected 
capsules taken from plants growing wild, and the 
result was, as we have* seen, for the long-styled (neg- 
lecting decimals) 03, mid-styled 130, and short-styled 
83. 1 should not have trusted in these ratios had I 

not possessed a number of plants in my garden which, 
owing to their youth, did not yield the lull comple- 
ment of seed, but were of the same age and grew 
under the same conditions, and were freely visited by 
bees. I took six fine capsules from each, and found 
the average to be for the long-styled 80, for the mid- 
styled 07, and for the short-styled 01. Lastly, legiti- 
mate unions effected by me between the three forms 
gave, as may be seen in the following tables, for the 
long-styled an average of 00 seeds, for the mid-styled 
117, and for the short-styled 71. So that we have 
good concurrent evidence of a difference in the average 
production of seed bv the three forms. To show that 
the unions effected by me often produced their full 
effect and may be trusted, I may state that one mid- 
styled capsule yielded 101 good seeds, which is tin* 
same number as in the finest wild capsule which I 
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examined. Some artificially fertilised short- and long- 
styled capsules produced a greater number of seeds than 
was ever observed by me in wild plants of the same 
forms, but then 1 did not examine many of the latter. 
This plant, I may add, offers a remarkable instance, how 
profoundly ignorant we are of the life-conditions of a 
species. Naturally it grows 44 in wet ditches, watery 
places, and especially on the banks of streams,” and 
though it produces so many minute seeds, it never 
spreads on the adjoining land ; yet, when planted in my 
garden, on clayey soil lying over chalk, and which is so 
dry that a rush cannot be found, it thrives luxuriantly, 
grows to above; (J feet in height, produces self-sown 
seedlings, and (which is a severer test) is as fertile as 
in a state of nature. Nevertheless it would be almost 
a miracle; to find this plant growing spontaneously on 
such land as that in my garden. 

According to Vaucher and Wirtgen, the three forms 
coexist in all parts of Europe. Some friends gathered 
for me in North Wales a number of twigs from 
separate plants growing near one another, and clas- 
sified them. My son did the same in Hampshire, and 
here is the result : — 


Table 22. 


— 

Long-st.vlcd. 

Mid-sty led. 

Short -styled. 

Total. 

North Wales . 

. ■ 05 

97 

72 

2t>4 

Hampshire 

. 5.“* 

88 

88 

129 

Total 

US 

135 

llu 

1 

803 


If twice or thrice the number had been collected, 
the three forms would probably have been found 
nearly equal ; I infer this from considering the above 
figures, and from my son telling me that if he had 
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collected in another spot, lie felt sure that the mid- 
styled plants would have been in excess. I several 
times sowed small parcels of seed, and raised all three 
forms ; but I neglected to record the parent-form, 
excepting in one instance, in which I raised from 
short-styled seed twelve plants, of which only one 
turned out long-styled, four mid-styled, and seven 
short-styled. 

Two plants of each form were protected from the 
access of insects during two successive years, and in the 
autumn they yielded very few capsules and presented 
a remarkable contrast with the adjoining uncovered 
plants, which were densely covered with capsules. In 
18(i!J a protected long-sty Km 1 plant produced only live 
poor capsules ; two mid-styled plants prod need together 
the same number; and two short-styled plants only a 
single one. These eapsules contained very few seeds; 
yet the plants were fully productive when artificially 
fertilised under the net. In a state of nature the 
flowers are incessantly visited for their nectar bv hive- 
and other bees, various 1 liptera and Lepidoptera/ The 
nectar is secreted all round the base of the ovarium; 
but a passage is formed along the upper and inner 
side of the flower by the lateral deflection (not. repre- 
sented in the diagram) of the basal portions of the 
filaments; so that insects invariably alight on tin* pro- 
jecting stamens and pistil, and insert their proboscides 
along the upper and inner margin of the corolla. AVe 
can now' see why the ends of the stamens with their 
anthers, and the ends of the pistils with their stigim 


* II. Muller gives a list of the one bee, the CiUttsn mdanura , 
species, ‘Die Befruchtung der almost coniines its visits tu this 
Blumeii,’ p. 19G. It appears that plant. 
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are a little; upturned, so that they may he hruslied hy 
the l()w?r Imiry surfaces of the insects’ bodies. The 
shortest stamens which lie enclosed within the calyx of 
the long- and inid-styled forms can he touched only hy 
the proboscis and narrow chin of a bee; hence they 
have their ends more upturned, and they are graduated 
in length, so as to fall into a narrow tile, sure to he 
raked by the thin intruding proboscis. The anthers of 
the longer stamens stand laterally farther apart and arc 
more, nearly on the same level, for they have to brush 
against the 1 whole; breadth of the insect’s body. In 
very main’ other flowers the pistil, or the stamens, or 
both, are rectangularly bent to one side of the flower. 
This bending may be permanent, as with Lyfhrum 
and many others, or may be effected, as in Dictam - 
it ns f ram tell a and others, by a temporary movement, 
which occurs in the ease of the stamens when the 
anthers dehisce, and in the case of the pistil when 
the stigma is mature; but these two movements do 
not always take place simultaneously in the same 
flower. Now I have found no exception to the rule, 
that when tin 1 stamens and pistil are bent, they bend 
to that side of the flower which secretes nectar, even 
1 hough there be a rudimentary nectary of large size 
on the opposite side, as in some species of Corydalii s, 
AY hen nectar is secreted on all sides, they bend to 
that side where the structure of the flower allows the 
easiest access to it, as in Lythrvm , various Papilio- 
naoea*, and others. The rule consequently is, that 
when tin* pistils and stamens an* curved or bent, the 
stigma, and anthers art 1 thus brought into the path- 
way loading to the nectary. There are a few cases 
which seem to be except it ms to this rule, but they are 
not so in truth ; for instance, in the Gloriosa lily, the 
stigma of the grotesque and rectangularly bent pistil 
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is brought, not into any pathway from the outside 
towards the nectar-secreting recesses of the flower, but 
intotlie circular route which insects follow in ]>roctM fil- 
ing from one nectary to the other. In Scropliuhiria 
aquatica the pistil is bent downwards from the mouth 
of the corolla, but it thus strikes the pollen-dusted 
breast of the wasps which habitually visit these ill- 
scented flowers. Jn all these cases we seethe supreme 
dominating power of insects on tlu» structure of flowers, 
especially of those which have irregular corollas. 
Flowers which are fertilised by the wind must of 
course be excepted; but 1 do not know of a single 
instance of an irregular flower which is thus fertilised. 

Another point, deserves notice 1 . In each of the three 
forms two sets of stamens correspond in length with 
the pistils in the other two forms. When bees suck the 
flowers, the anthers of the longest stamens, hearing the 
green pollen, are rnbhed against, the abdomen and the 
inner sides of the hind legs, as is likewise the stigma of 
tho long-styled form. The anthers of tho mid-length 
stamens and the stigma of the mid-sty led form are 
rubbed against the under side of the thorax and be- 
tween the front pair of logs. And, lastly, the anthers 
of the shortest stamens and the stigma of the short- 
stvlod form are rubbed against the proboscis and chin ; 
for the bees in sucking tho flowers insert only the front- 
part of their heads into the 1 flower. On catching bees, I 
observed much green pollen on the inner sides of the 
hind legs and on the abdomen, and liiueh yellow 
pollan oil the under side of the thorax. There was 
also pollen on the chin, and, it may be presumed, on 
the proboscis, but this was difficult to observe, i had, 
however, independent proof that pollen is carried on 
the proboscis; for a small branch of a protected short- 
styled plant (which produced spontaneously only two 
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capsules) was accidentally left, during several (lays 
pressing against the net, and bees were seen inserting 
their proboscides through the meshes, and in conse- 
quence numerous capsules were formed on this one 
small branch. From these several facts it follows that 
insects will generally carry the pollen of each form from 
the stamens to the pistil of corresponding length ; and 
wo shall presently see the importance of this adapta- 
tion. It must not, however, be supposed that the bees 
do not get more or less dusted all over with the several 
kinds of pollen; for this could be seen to occur with 
the green pollen from the longest stamens. Moreover 
a case will presently be given of a long-styled plant 
producing an abundance of capsules, though grow- 
ing quite by itself, and the flowers must have been 
fertilised by their own two kinds of pollen; but 
these capsules contained a very poor average of seed. 
Hence insects, and chiefly bees, act both as general 
carriers of pollen, and as special carriers of the right 
s< >rt, 

Wirt gen remarks* on tin* variability of this plant in 
the branching of the stem, in the length of thebractcic, 
size of the petals, and in several other characters. Tho 
plants which grow in my garden had their leaves, 
which differed much in shape, arranged oppositely, 
alternately, or in whorls of three. In this latter case 
the stems were hexagonal ; those of the other plants 
being quadrangular. Hut. we arc; concerned chiefly, 
with the reproductive organs : the upward bonding of 
the pistil is variable, and especially in the short-styled 
form, in which it is sometimes straight, sometimes 
slightly curved, but generally bent at right angles. 
The stigma of the long-styled pistil frequently has 

* ‘ Verhiind. dcs nuturhist. Vercins, fur Pr. lllieinl.* 5. Juhrgang, 
1818, pp. 11, 13. 
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longer papilla* or is rougher than that of the mid- 
sty led, and the latter than that of the short-styled ; 
but this character, though fixed and uniform in the 
two forms of Primula reris, Are., is here variable, for 
I have seen mid-stylcd stigmas rougher than those 
of the long-styled.* The degree to which the longest 
and mill-length stamens are graduated in length and 
have their ends upturned is variable; sometimes all 
are equally long. The colour of the green pollen in 
the longest stamens is variable, being sometimes pale 
greenish-yellow ; in one short-styled plant it was almost 
white. The grains vary a little in size : I examined 
one short-styled plant with the grains above the 
average size; and 1 have seen a Jong-styled plant with 
the grains from the mid-length and shortest anthers of 
the same* size. We here see great variability in many 
important characters ; and if any of those variations 
were of service to the plant, or were correlated with 
useful functional differences, the species is in that 
state in which natural selection might readily do much 
for its modification. 

On the Power of Mutual Fertilisation between the three 
Forms. 

Nothing shows more clearly the extraordinary com- 
plexity of the reproductive system of this plant, than 
the necessity of making eighteen distinct unions in 
order to ascertain the relative fertilising power of the 


* The plants which I observed 
grew in my garden, and probably 
varied rather more than tin wo 
growing in a state of nature. H. 
Muller lias described the stigmas 
of aU three forms with great care, 


and he appears to have found the 
stigmatic papillae ditfering con- 
stantly in length and structure in 
the thnse forms, being longest in 
the long-styled form. 
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tli roo forms. Thus the long-styled form lias to ho fer- 
tilised witli pollen from its own two kinds of anthers, 
from the two in the mid-styled, and from the two in 
the short-styled form. The same proeess hits to be 
repented with the mid-styled and short-styled forms. 
It might have been thought sufficient to have tried on 
each stigma the green polh*n, for instance, from either 
the mid- or short-styled longest stamens, and not 
from both; but the result proves that this would 
have been insufficient, and that it was necessary to 
try all six kinds of pollen on each stigma. As ill 
fertilising llowers there will always be some failures, 
it would have been advisable to have repeated eaeh of 
the eighteen unions a score of times; but the labour 
would have been too great; as it was, I made 223 
unions, i.e. on an average l fertilised above a dozen 
flowers in the eighteen different methods. Each flower 
was castrated ; the adjoining buds had to bo removed, 
so that the flowers might be safely marked with 
thread, wool, Ac.; and after each fertilisation the stigma 
was examined with a lens to see that there was suffi- 
cient pollen on it. Plants of all three forms were 
protected during two years by large nets on a frame- 
work ; two plants were used during one or both years, 
in order to av< id any individual peculiarity in a par- 
tieular plant. As soon as the flowers had withered, 
the nets were removed; and in tlu 1 autumn the cap- 
sules wen; daily inspected and gathered, the ripe 
seeds being counted under the microscope. I have 
given these details that confidence may be placed 
in the following tables, and as some excuse for two 
blunders which, I believe, were made. These blunders 
are referred to, with their probable cause, in two 
foot-notes to the tables. The erroneous numbers, how- 
ever, are entered in the tables, that it may not be sup- 
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posed that I have in any one instance tampered with 
the results. 

A few words explanatory of the three tables must be 
given. Each is devoted to one of the three forms, and 
is divided into six compartments. The two upper ones 
in each table show the number of good seeds resulting 
from the application to the stigma of pollen from the 
two sets of stamens which correspond in length with 
the pistil of that form, and which arc born* 1 by the 
other two forms. Such unions are of a legitimate 
nature. Tim two next lower compartments show the 
result of the application of pollen from the two sets of 
stamens, not corresponding in length with the pistil, 
and which are borne by the other two forms. Those 
unions are illegitimate. The two lowest eompartments 
show the result of the application of each form’s own 
two kinds of pollen from the two sets of stamens be- 
longing to the same 1 form, and which do not equal the 
pistil in length. These unions are likewise illegiti- 
mate. Tim term own-form pollen here used does not 
mean pollen from the flower to be fertilised — for this 
was never used —but from another flower on the saint* 
plant, or more commonly from a distinct plant of the 
same form. Tin 1 - figure (0) means that no capsule was 
produced, or if a capsule 1 , was produced that it contained 
no good seed. Jn some part of each row of figures in 
each compartment, a short horizontal line may In? seen ; 
the unions above this line wore made in .18(12, and 
below it in 1803. It is of importance to observe this, 
as it shows that the same general result was obtained 
during two successive years; but more ({Specially be- 
cause 1803 was a very hot and dry season, and the 
plants had occasionally to be watered. This did not pre- 
vent the full complement of seed being produced from 
the more fertile unions; but it rendered tin; less fertile 
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0110s ovon more storilo than they otherwise would have 
been. 1 have seen striking instane.es of this fact in 
making illegitimate and legitimate unions with Pri- 
mula; and it is well known that the eonditions of life 
must lie highly favourable to give any ehanee of suc- 
cess in producing hybrids between species which are 
crossed with difficulty. 

Table 23. — Long-sfyted Form. 


I. 

Legitimate union. 

I!! flowers fertilised by the longest 
stamens of the mid-styled. These 
stamens equal in length the pistil 
of the long-styled. 

Product of good seed ill each cap- 
sule. 

3G 53 

81 0 

0 0 

0 0 

0 0 

— 0 

45 
41 

38 per cent, of these flowers 
yielded capsules. Each capsule con- 
tained, ou an average, 51*2 seeds. 


111 . 

Illegitimate union. 

14 flowers fertilised by the short- 
est stamens of the inid-stvied. 

3 0 

0 0 

0 0 

O 0 

0 0 

— 0 

0 0 

0 

Too sterile for any average. 


11 . 

Legitimate union. 

13 flowers fertilised by the longest 
stamens of the short-styled. These 
stamens equal in length the pistil 
of the long-styled. 

Product, of good seed in each cap- 


sule. 

159 104 

43 119 

93 poor seed. 93 
103 99 

0 131 

0 113 


114 

84 per cent, of these flowers 
yielded capsules. Each capsule con- 
tained, ou an average, 1<»7*3 seeds. 

IV. 

lllegit i m ate uni on. 

12 flowers fertilised by the mid- 
length stamens of the short-styled. 


20 0 

0 0 

0 0 

o 0 

— 0 

0 0 

0 


Too sterile for any average. 
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Table 23. — L(mg-s1 yhd form — continued. 


V. 

Illegitimate union. 

If) flowers fertilised by own-fonn 
mid-length stamens. 


10 [) 

*28 o 

0 (' 

o o 

o u 

o o 

0 (\ 


Too sterile for any average. 


VI. 


Illegitimate 

union. 1 

15 Hovers fertilised by owu-i 
shortest stamens. 

4 



8 

0 

4 

0 

0 

0 

»» 

0 


0 


0 


0 

Too sterile for any average. 


Besides the above experiments, I fertilised a consi- 
derable number of long-styled flowers with pollen, 
taken by a eamel’s-liair brush, from both the mid- 
leu «rth and shortest stamens of their own form: only 
5 capsules wen* produced, and these yielded on an 
average 14 "5 seeds, in 1S(>3 J tried a much better ex- 
periment: a long-styled plant was grown by itself, 
miles away from any other plant, so that the flowers 
could have received only their own two kinds of pol- 
len. The flowers were incessantly visited by bees, and 
their stigmas must have received successive applica- 
tions of pollen on the most favourable days and at the 
most favourable hours : all who have crossed plants 
know that this highly favours fertilisation. This plant 
produced an abundant crop of capsules; 1 took by 
chance 20 capsules, and these contained seeds in 
number as follows : — 


20 

20 

35 

21 

19 

2G 

24 

12 

28 

10 

7 

80 

27 

29 

13 

2l> 

12 

29 

19 

85 
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This givos an average of 21 ’5 seeds per capsule. As 
we know that the long-styled form, when standing 
near plants of the other two forms and fertilised by 
insects, produces on an average 1)3 seeds per capsule, 
we see that this form, fertilised by its own two pollens, 
yields only between one-fourth and one-fifth of the full 
number of seed. 1 have spoken as if the plant had re- 
ceived both its own kinds of pollen, and this is, of 
course, possible; but, from the enclosed position of the 
shortest stamens, it is much more probable that the 
stigma received exclusively pollen from the mid- 
length stamens; and this, as may be seen in com- 
partment V. in Table 23, is the more fertile of the two 
self-unions. 

Table 21. — J Jid-sfyled Form. 


I. 

Legitimate union. 

12 flowers fertilised by the mid- 
length stamens of the long-styled. 
These stamens equal in length the 
pistil of the mid-styled. 

Product of good seed in each cap- 


sule. 

108 

122 

140 

50 

147 

151 

100 

no 

l bo 

138 

144 

0 

— 

92 per cent, of the flowers 


bably loO per cent.) yielded cap- 
sules. Each capsule contained, on 
an average, 127* b seeds. 


JJ. 

Legitimate union. 

12 flowers fertilised by the mid- 
length stamens of the short -styled. 
These stamens equal in length the 
pistil of the mid-styled. 

I Product of good seed in daeh cap- 
sule. 


112 

100 

lbo 

143 

14b 

124 

100 

145 

33 

12 

104 

141 


100 per cent, of the flowers yielded 
capsules. Each capsule contained* 
on an average, 108*0 seeds; or, ex- 
; eluding capsules with less than 20 
j seeds, the average is 110*7 seeds. 
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TABLE 2-1. — Miil-sl i/frd Form — rout i nved. 


III. 

Iflec/itiinale union. 


13 flowers fertilised l»y the short- 
est stamens of the long-styled. 


83 


12 


0 


13 


0 


8 ,{ 

seeds small 
a ud poor. 

— 


0 


44 


0 


44 


0 


45 


0 


54 per cent, o 

the flow 

:ers yielded | 

capsules. 

Each 

capsule 

contained, ! 

on an avt 

rage. 

47*4 seeds ; or, ex- 

eluding c; 

psule 

s with h 

•ss than 2o 

seeds, 1 lit; 

average is 00* 

2 seeds. 1 


IV. 

II Jefj Hi mate union. 

15 flowers fertilised by the long- 
est stamens of the short -styled. 


130 

83 

n:» 

113 

14 

20 

• ) 

1 i 

113 

y 

70 

— 

128 


132 0 

03 per cent. of the flowers yielded 
j capsules. Koch capsule contained, 
' on an average, (>0’5 seeds; or, ex- 
i eluding capsules with less than liO 
I seeds, the average is 102*8. 


V. 

JIUnjitimutr. no ion . 

12 llowers fertilised hy own-form 
longest stamens. 


02 o 

o u 

33 o 

<» 

0 0 

0 


Excluding the capsule with 130 
seeds, 2d per cent, of the flowers 
yielded capsules, and each capsule 
contained, on an average, 54 * 0 seeds; 
or, excluding capsules \\ ith less than 
20 seeds, the average is 77*5. 


VI. 

Jllrijithnolr. union. 

12 flowers fertilised hy own-form 
shortest stamens. 

n 0 

*» O 

0 0 

— O 

n o 

u o 

o 

Not. one llowcr yielded a capsule. 


* I have; lmrdly a doubt that 
this result of 130 seeds in compart- 
ment V. was due to a gross error. 
The flowers to be fertilised by 
their own longest stamens were 
first marked by “ white thread,” 
and those by the mid-length 
stamens of the long-styled form 
by “ white silk a flower fertilised 
in the later manner would have 
yielded about 1 3G seeds, and it may 
be observed that one sueh pod is 


missing, viz. at the lioLtom of 
compartment 1. Therefore I have 
hardly any donht that l fertilised 
a flower marked with “ white 
thread as if it laid been marked 
with “ white silk.” With res] met 
to the capsule which yielded 32 
seeds, in the same column with 
that which yielded 130, 1 do 
not know what to think. I 
endeavoured to prevent pollen 
dropping from an upper to a lower 
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Besides tbe experiments in the above table, I ferti- 
lised a considerable number of mid-sty led flowers with 
pollen, taken by a camers-hair brush, from both the 
longest and shortest stamens of their own form : only 
5 capsules were produced, and these yielded oil an 
average 11*0 seeds. 

T A tile 25. — Short-sti/hd Form. 


I. 

Legit i mate union. 

12 flowers fertilised by the short- 
est stamens of the long-styled. 
These stamens equal in length the 
pistil of the short-styled. 


Gif 

53 

31 

88 

88 

112 

GG 

111 

0 

32 

0 

100 


83 percent, of the flowers yielded 
capsules. Kaeh capsule contained, 
on an average, 81*3 seeds. 


III. 

Illegitimate union. 

10 flowers fertilised by the mid- 
length stamens of the long-styled, 

0 14 

U 0 

0 0 

0 0 


Too sterile for any average. 


II. 

Legitimate union. 

13 flowers fertilised by the short- 
est stamens of the mid-sty led. 
These stamens equal in length the 


pistil of the si 

:iort -styled. 

03 

39 

77 

39 

48 

53 

43 

9 

0 

0 

O 

0 

— 

0 

31 percent. 

of the flowers yielded 

capsules. Kach capsule contained, 

oil an average. 

, 34*3 seeds. 


IV. 

Illegitimate union. 

10 flowers 1 

fertilised bvthe long- 

est stamens of the mid-styled. 

n 

O 

0 

0 

0 

0 

0 

0 

— 

0 


Too sterile for any average. 


flower, and I trioil to remember to covered plants, for in a few 

wipe the pincers carefully after seconds’ time they might have 

each fertilisation; but in making done irreparable mischief. It was 

eighteen different unions, some- also extremely difficult to exclude 

times on windy days, and pestered minute Diptera from the net. In 

by bees and flies buzzing about, 1832 I made the groat mistake of 

some few errors could hardly be placing a mid-sty led and long- 

avoided. One day I had to keep styled under the same huge net : 

a third man by me all tbe time to in 1833 I avoided this error, 

prevent tbe bees visiting the un- 
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Table 25. — Short -styled Form — matin vert. 


V. 

Illegitimate union. 

10 flowers fertilised l»y own-form 
longest stamens. 

0 0 

0 0 

0 O 

— 0 

0 0 

o 

Too sterile for any average. 


VI. 

Illegitimate union. 

10 flowers fertilised l>y own-form 
mid-length stamens. 

•J4 ? * 0 

O 0 

o o 

— 0 

‘Ji 0 

\) 

Too sterile for any average. 


Besides the experiments in the tal»l(% I fertilised a 
number of flowers without particular rare with their 
own two kinds of pollen, but they did not produce a 
single capsule. 


Summary of 11 to Healths. 

Long-styled form. — -Twenty-six flowers fertilised le- 
gitimately by the 1 stamens of corn ‘Spending length, 
borne by the mid- and short-styled forms, yielded 01 ’5 
per cent, of capsules, which contained on an average 
89*7 seeds. 

Twenty-six long-styled flowers fertilised illegiti- 
mately by the other stamens of the mid- and short- 
styled forms yielded only two very poor capsules. 

Thirty long-styled flowers fertilised illegitimately by 
their own-form two sets of stamens yielded only eight 
very poor capsules; but long-styled flowers fertilised 


* 1 suspect that by mistake I 
fertilised this flower iu compart- 
ment VI. with pollen from the 
shortest stamens of the long-styled 
form and it would then have 
yielded ubout Cl seeds. Flowers 


to 1)0 thus fertilised were marked 
with black silk ; those with pollen 
from the mid-length stamens of 
the short-styled with black thread ; 
and tlius probably the mistake 
arose. 
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1>j t bees with pollen from their own stamens produced 
numerous capsules containing on an average 21*5 
seeds. 

Mifl-xiylerf form . — Twenty-four flowers legitimately 
fertilised by the stamens of corresponding length, 
borne by the long and short-styled forms, yielded 9(5 
(probably 100) per cent, of capsules, which contained 
(excluding one capsule witli 12 seeds) on an average 
117*2 seeds. 

Fifteen mid-styled flowers fertilised illegitimately 
by the longest, stamens of tin* short-styled form yielded 
per c ‘lit. of capsules, which (excluding four cap- 
sules with less than 20 seeds) contained on an average 
102*8 seeds. 

Thirteen mid-sty leal flowers fertilised illegitimately 
by tlx* mid-length stamens of the long-styled form 
yielded 51 per cent, of capsules, which (excluding 
one witli 19 seeds) contained on an average (50*2 seeds. 

Twelve mid-styled flowers fertilised illegitimately 
by their own-form longest stamens yielded 25 per 
cent, of capsules, which (excluding one with 9 seeds) 
contained on an average 77*5 seeds. 

Twelve mid-styled flowers fertilised illegitimately 
bv their own -form shortest stamens yielded not a 
single capsule. 

Short’rftflnl form. — Twenty-Jive flowers fertilised 
legitimately by the stamens of corresponding length, 
home by the long and mid-styled forms, yielded 72 
per cent, ol' capsules, which (excluding one capsule 
with only 9 seeds) contained on an average* 70*8 
seeds. 

Twenty short-styled flowers fertilised illegitimatelv 
by the other stamens of tlx* long and mid-styled forms 
yielded only two very poor capsules. 

Twenty short-stvled flowers fertilised illegitimatelv 
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by their own stamens yielded only two poor (or per- 
haps three) capsules. 

If we take all six legitimate unions together, and 
all twelve illegitimate unions together, we get the fol- 
lowing results : — 

Table 2C>. 


; 

| 

! ; 

| Xumlier 1 

Number 

A vemge 
Number of 
Seeds |H»r 
Capsule. 

A vernge 
Number of 

Nature of Union. 

of Flowers 

Of ( ’.'ipsilli'B 

Seeds per 


j fertilised. 

i produced. 

Flower ter- 
tilised. 

The six legitimate! 
unions . . . . J 

75 

i 

i r>G 

! 

j OH * 20 

71*80 


The twelve illicit i-) 
mate unions . ,J 


14G 





11 -o:; 


Then ‘fore the fertility of the legitimate unions to that 
of the illegitimate, as judged by the proportion of tin* 
fertilised lit avers which yielded capsules, is as 100 to 
33 ; and judged by the average number of seeds per 
capsule, as 100 to 10. 

From this summary and the several fortgoing tables 
we see that it is only pollen from the longest, stamens 
which can fully fertilise the longest, pistil ; only that 
from the mid-length stamens, the mid-length pistil; 
and only that from the shortest stamens, the shortest 
pistil. And now we can comprehend the meaning of 
the almost exact correspondence in length between 
the pistil in each form and a set of six stamens 
in two of the other forms ; for the stigma of each 
form is thus rubbed against that part of the insect’s 
body which becomes charged with tin? proper pollen. 
It is also evident that the stigma of each form, 
fertilised in three different ways with pollen from 
the longest, mid-length, and shortest, stamens, is acted 
oil very differently, and conversely that the pollen from 
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the twelve longest, twelve mid-length, and twelve 
shortest stamens acts very differently on each of the 
three stigmas ; so that there are three sets of female 
and of male organs. Moreover, in most eases the six 
stamens of each set, differ somewhat in their fertilising 
power from the six corresponding ones in one of the 
other forms. We may further draw the remarkable 
conclusion that the greater the inequality in length 
between the pistil and the set of stamens, the pollen 
of which is employed for its fertilisation, by so much 
is the sterility of the union increased. There are no 
exceptions to this rule. To understand what follows 
the reader should look to Tables 28, 24, and 25, and 
to the diagram Fig. 10, p. 139. In the long-styled form 
the shortest stamens obviously differ in length from 
the pistil to a greater degree than do the mid-length 
stamens; and the capsules produced by the use of 
pollen from the shortest stamens contain fewer seeds 
than those produced by the pollen from the mid- 
length stamens. The same result follows with the 
long-styled form, from the use of the pollen of the 
shortest stamens of the mid-styled form and of the 
mid-length stamens of the short-styled form. The 
same rule also holds good with the mid-styled and 
sliort-styled forms, when illegitimately fertilised with 
pollen from the stamens more or less unequal in 
length to their pistils. Certainly the difference in 
sterility in these several cases is slight ; but, as far as 
we arc enabled to judge, it always increases with the 
increasing inequality of length between the pistil and 
the stamens which are used in each case. 

The correspondence 1 in length between the pistil in 
each form and a set of stamens in the other two forms, 
is probably the direct result of adaptation, as it is of 
high service to the species by leading to full and 
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legitimate fertilisation. But the rule of the increased 
sterility of the illegitimate unions according to the 
greater inequality in length between the pistils and 
stamens employed for the union can be of no service. 
With some heterostyled dimorphic plants the dif- 
ference of fertility between the two illegitimate unions 
appears at first sight to be related to the facility of 
self-fertilisation ; so that when from the position of 
the parts the liability in one form to self-fertilisation 
is greater than in the other, a union of this kind 
has been checked by having been rendered the 
more sterile of the two. But this explanation does 
not apply to Lythrum ; thus the stigma of the long- 
styled form is more liable to be illegitimately fer- 
tilised with pollen from its own mid-length stamens, 
or with pollen from the mid-length stamens of the 
short-styled form, than by its own shortest stamens 
or those of the mid-sty led form ; yet the two former 
unions, which it might have been expected would 
have been guarded against by increased sterility, 
are much less sterile than the other two unions 
which are much less likely to be effected. The 
same relation holds good even in a more striking 
manner with the mid-styled form, and with the short- 
styled form as far as the extreme sterility of all its 
illegitimate unions allows of any comparison. We 
are led, therefore, to conclude that the rule of in- 
creased sterility in accordance with increased in- 
equality in length between the pistils and stamens, 
is a purposeless result, incidental on those changes 
through which the species has passed in acquiring 
certain characters fitted to ensure the legitimate 
fertilisation of the three forms. 

Another conclusion which may be drawn from 
Tables 23, 24, and 25, even from a glance at them, 

M 
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is that the mid-styled form differs from both the 
others in its much higher capacity for fertilisation 
in various ways. Not only did the twenty-four flowers 
legitimately fertilised by the stamens of corresponding 
lengths, all, or all but one, yield capsules rich in 
seed ; but of the other four illegitimate unions, that 
by the longest stamens of the short-styled form was 
highly fertile*, though less so than the two legitimate 
unions, and that by the shortest stamens of the long- 
styled form was fertile to a considerable degree; 
the remaining two illegitimate unions, namely, with 
this form’s own pollen, were sterile, but in different 
degrees. So that the mid-styled form, when fertilised 
in the six different possible methods, evinces five 
grades of fertility. l>y comparing compartments III. 
and YI. in Table 24 we may see that the action of 
the pollen from the shortest stamens of the long-styled 
and mid-styled forms is widely different; in the one 
case, above half the fertilised flowers yielded capsules 
containing a fair number of seeds ; in the other case 
not one capsule was produced. So, again, the action 
of the large grains from the longest stamens of 
the short-styled and mid-styled forms (in compart- 
ments 1Y. and V.) is widely different. In both these 
cases the difference in action is so plain that it cannot 
bo mistaken, but it can be corroborated. If we look 
to Table 25 to the legitimate action of the shortest 
stamens of the long- and mid-styled forms on the 
sliort-styled form, we again see a similar but slighter 
difference, the pollen of the shortest stamens of the 
mid-styled form yielding a smaller average of seed 
during the two years of 1862 and 1863 than that from 
the shortest stamens of the long-styled form. Again, 
if we look to Table 23, to the legitimate action on 
the long-styled form of the green pollen of the two 
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sets of longest stamens, we shall find exactly the same 
result, viz. that the pollen from the longest stamens of 
the mid-styled form yielded during both years fewer 
seeds than that from the longest stamens of the 
short-styled form. Hence it is certain that the two 
kinds of pollen produced by the mid-styled form are 
less potent than the two similar kinds of pollen pro- 
duced by the corresponding stamens of the other two 
forms. 

In close connection with the lesser potency of the 
two kinds of pollen of the mid-styled form is the fact 
that, according to II. Muller, the grains of both are 
a little loss in diameter than the corresponding grains 
produced by the other two forms. Tims the grains 
from the longest stamens of the mid-styled form are 
9 to H), whilst those from the corresponding stamens 
of the short-styled form are 9^ to lOi in diameter. 
So, again, the grains from the shortest stamens of tin* 
mid-styled art* (>, whilst those from the corresponding 
stamens of the long-styled are 0 to 6i in diameter. 
It would thus appear as if the male organs of the 
mid-styled form, though not as yet rudimentary, were 
tending in this direction. On the other hand, the 
female organs of this form arc in an eminently efficient 
state, for the naturally fertilised capsules yielded a 
considerably huger average number of seeds than 
those of the other two forms — almost every flower 
which was artificially fertilised in a legitimate manner 
produced a capsule — and most of the illegitimate 
unions were highly productive. The mid-styled form 
thus appears to be highly feminine in nature; and al- 
though, as just remarked, it is impossible to consider 
its two well-developed sets of stamens which produce 
an abundance of pollen as being in a rudimentary 
condition, yet we can hardly avoid connecting as 
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balanced the higher efficiency of the female organs 
in this form with the lesser efficiency and lesser size 
of its two kinds of pollen-grains. The whole case 
appears to me a very curious one. 

It may be observed in Tables 23 to 25 that some 
of the illegitimate unions yielded during neither year 
a single seed ; but, judging from the long-styled plants, 
it is probable, if such unions were to be effected re- 
peatedly by the aid of insects under the most favour- 
able conditions, some few seeds would be produced in 
every case. Anyhow, it is certain that in all twelve 
illegitimate unions the pollen-tubes penetrated the 
stigma in the course of eighteen hours. At first I 
thought that two kinds of pollen placed together on 
the same stigma would perhaps yield more seed than 
one kind by itself ; but we have seen that this is not 
so with each form’s own two kinds of pollen; nor is it 
probable in any case, as 1 occasionally got, by the use 
of a single kind of pollen, fully as many seeds as a 
capsule naturally fertilised ever produces. Moreover 
tin? pollen from a single anther is far more than suffi- 
cient to fertilise fully a stigma; since, in this as with 
so many other plants, more than twelve times as much 
of each kind of pollen is produced as is necessary to 
ensure^ the full fertilisation of each form. From the 
dusted condition of the bodies of the bees which I 
caught on the flowers, it is probable that pollen of 
various kinds is often deposited on all three stigmas ; 
but from the facts already given with respect to 
the two forms of Primula, there can hardly be a 
doubt that pollen from the stamens of corresponding 
length placed on a stigma would be prepotent over 
any other kind of pollen and obliterate its effects, 
— even if the latter had been placed on the stigma 
some hours previously. 
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Finally, it has now been shown that Lytlirum sal i curia 
presents the extraordinary case of the same species 
bearing three females, different in structure and func- 
tion, and three or even five sots (if minor differences 
arc considered) of males; each set consisting of half- 
a-dozen, which likewise differ from one another in 
structure and function. 

Lytlirum, (Inufferi. — I have examined numerous dried flowers 
of tliis species, each from a separate plant, sent me from Tvcw. 
Like L. salkaria , it is trimorpliic, and the three forms appa- 
rently occur in about equal numbers. In the long-styled form 
the pistil projects about one-third of the length of the calyx 
lieyond its mouth, and is therefore relatively much shorter than 
in 7.. salkaria ; the globose ami hirsute stigma is larger than 
that of the other two forms ; the six mid-length stamens, which 
are graduated in length, have their anthers standing close above 
and close l>eneath the mouth of the calyx; the six shortest, 
stamens rise rather above the middle of the calyx. In the mid- 
styled form tho stigma projects just al>ove the mouth of the 
calyx, and stands almost on a level with the mid-length stamens 
of the long and sliort-styled forms; its own longest stamens 
project well al>ove the mouth of the calyx, and stand a little 
alxrvo the level of the stigma of the long-styled form. In short, 
without entering oil further details, there is a close general 
correspondence in structure l>e tween this species and L. salkaria , 
but with some differences in the proportional lengths of the 
parts. The fact of each of the tli ree pistils having two sets of 
stamens of corresponding lengths, borne by the two other forms, 
comes out conspicuously. In the mid-styled form the ]>ollen- 
grains from the longest stamens are nearly double the diameter 
of those from the shortest stamens ; so that there is a greater 
difference in this respect than in L. salkaria. In the long- 
styled form, also, the difference in diameter between the pollen- 
grains of the mid-length ami shortest stamens is greater than 
in L. salkaria. These comparisons, however, must be received 
with caution, as they were made on specimens soaked in water 
after having been long kept dry. 

Lytlirum thymifolia. — This form, according to Vaucher,* is 

* 4 Hist. Phys. des Plantes d’Europe,’ tom. ii. (1841), pp. 309, 371. 
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dimorphic, like Primula, and therefore presents only two forms. 
I received two dried flowers from Kew, which consisted of-the 
two forms ; in one the stigma projected far beyond the calyx, in 
the other it was included within tlie calyx ; in this latter form 
the style was only one-fourth of the length of that in the other 
form. There are only six stamens; these are somewhat gradu- 
ated in length, and their anthers in the short-styled form stand 
a little alx)ve the stigma, but yet by no means equal in length 
the pistil of the long-styled form. In the latter the stamens 
are rather shorter than those in the other form. The six 
stamens alternate with the petals, and therefore correspond 
homologically with the longest stamens of L. saUcaria and L . 
Gruffer/. 

Ly thrum h yssopi folia. — This species is said by Vaucher, but I 
believe erroneously, to be dimorphic. I have examinod dried 
flowers from twenty-two separate plants from various localities, 
sent to me by Mr. Hewett 0. Watson, Professor Babington, and 
others. These were all essentially alike, so that the species 
cannot l>e heterostylcd. The pistil varies somewhat in length, 
but when unusually long, the stamens are likewise generally 
long; in the bud the stamens arc short; and Vaucher was 
perhaps thus deceived. There are from six to nino stamens 
graduated in length. The three stamens, which vary in being 
cither present or absent, correspond with the six shorter stamens 
of L. saliairm and with the six which are always absent in L. 
thymi/olia. The stigma is included within the calyx, and stands 
in he midst of the anthers, and would generally be fertilised 
by t'hem; but as the stigma and anthers are upturned, and as, 
according to Vaucher, there is a passage left in the upper side 
of the flower +o the nectary, there can hardly be a doubt that 
the flowers are visited by insects, and would occasionally be 
cross-fertilised by them, as surely as the flowers of the short- 
styled L. sal /ear ia, the pistil of which and the corresponding 
stamens in the other two forms closely resemble those of L. hys - 
sopi folia. According to Vaucher and Lecoq,* this species, which 
is an annual, generally grows almost solitarily, whereas the 
three preceding species are social ; and this fact alone would 
almost have convinced me that L. hyssopi folia was not hetero- 
stylod, as such plants cannot habitually live isolated any better 
than one sex of a dioecious species. 

4 Geograph. Bot. de rEurope,* tom. vi. 1857, p. 157. 
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We thus see that within this genus some species are hetero- 
styleil and triinorpliic; one apparently licterostyled and dimor- 
phic, and one homostyled. 

Nescva verticil lata . — I raised a nuinl>er of plants from seed 
sent me by Professor Asa Gray, and they presented three forms. 
These differed from one another in the proportional lengths of 
their organs of fructification and in all respects, in very nearly 
the same way as the three forms of 1/ytlmun Gruffer}. The 
green pollen-grains from the longest, stamens, measured along 
their longer axis and not distended with water, wero ,!*, of an 
inch in length; those from the mid-length stamens and 
those from the shortest stamens ~ of an inch. So that the 
largest pollen-grains arc to the smallest in diameter as 100 to 
65. This plant inhabits swampy ground in the United States. 
According to Fritz M idler,* a species of this genus in St. Catlia- 
rina, in Southern Brazil, is homostyled. 

Layrrstro-nria Indica. — This plant, a niemlKT of the Lythracea 1 , 
may perhaps be licterostyled, or may formerly have l>een so. It 
is remarkable from the extreme variability of its stamens. On 
a plant, growing in my hothouse, the flowers included from 
nineteen to twenty-nine short stamens with yellow pollen, 
which correspond in position with the shortest, stamens of 
Lythrum; and from one, to five (the latter number being the 
commonest) very long stamens, with thick flesh-coloured fila- 
ments and green pollen, corresponding in position with the 
longest, stamens of Lythrum. In one flower, two of the long 
stamens produced green, while a third produced yellow pollen, 
although the filaments of all three were thick and flesh-coloured. 
In an anther of another flower, one cell contained green and 
tlic other yellow pollen. The green and yellow pollen-grains 
from the stamens of different length are of the same size. 
The pistil is a little bowed upwards, with the stigma seated 
between the anthers of the short and long stamens, so that 
this plant was mid-stylcd. Eight flowers were fertilised with 
green pollen, and six with yellow pollen, but not tine set fruit. 
This latter fact by no means proves that the plant is lietcro- 
styled, as it may belong to the class of self-sterile species. 
Another plant growing in the Botanic Gardens at Calcutta, as 
Mr. J. Scott informs me, was long-styled, and it was equally 


* ‘ Bot. Zeitung,’ 18G8, p. 112. 
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sterile with its own pollen; whilst a long-styled plant of 
L. reijincp., though growing by itself, produced fruit. I examined 
dried flowers from two plants of L. paruiflora, both of which 
were long-styled, and they differed from L. Indka in haying 
eight long stamens with thick filaments, and a crowd of shorter 
stamens. Tims the evidence whether L. Indka is hetero- 
styled is curiously conflicting : the unequal numlierof the short 
and long stamens, their extreme variability, and especially the 
fact of their pollen-grains not differing in size, are strongly 
opposed to this belief; on the other hand, the difference in 
length of the pistils in two of the plants, their sterility with 
their own pollen, and the difference in length and structure of 
the two sets of stamens in the same flower, and in the colour of 
their pollen, favour the belief. We know that when plants of 
any kind revert to a former condition, they arc apt to be highly 
variable, and the two halves of the same organ sometimes differ 
much, as in the case of the above-descril>ed anther of the 
Lagerstreemia ; we may therefore suspect that this species was 
once heterostyled, and that it still retains traces of its former 
state, together with a tendency to revert more completely to it. 
It deserves notice, as bearing on the nature of Lagerstreemia, 
that in Jn/thrum, hyssojufofia, which is a homostyled species, some 
of the shorter stamens vary in being either present or absent; 
and that these same stamens are altogether absent in L. thy mi - 
folia. In another genus of the Lythraceae, namely Cuphea, threo 
species raised by me from seed certainly were homostyled ; 
nevertheless their stamens consisted of two sets, differing in 
length and in the colour and thickness of their iilaments, but 
not in the size or colour of their pollen-grains ; so that they 
thus far resembled the stamens of Lagerstreemia. 1 found that 
Cuphea purpurea was highly fertile with its own pollen when 
artilicially aided, but sterile when insects were excluded.* 

* Mr. Spence informs me; that phic: but lie did not notice the 
in several species of the genus length of the pistils. In tho 
Mollia (Tiliaceae) which he col- allied Luliea the outer purplish 
lected in South America, the stamens are destitute of anthers, 
stamens of the five outer cohorts I procured some specimens of 
have purplish filaments and green Mollia lr pi dot a and apeciosa from 
pollen, whilst the stamens of tho Kcw, but could not make out that 
five inner cohorts have yellow their pistils differed in length 
]K>llen. lie there fort* susjicctcd in different plants; and in all 
that these species might provo those which I examined the 
to be heterostyled and trirnor- stigma stood close beueutli the 
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OXALIS (GERANIACEiE). 

In 1863 Mr. Eoland Trimen wrote to me from the 
Cape of Good Hope that he had there found species of 
Oxalis which presented three forms ; and of these he 
enclosed drawings and dried specimens. Of one species 
he collected 43 flowers from distinct plants, and they 
consisted of 10 long-styled, 12 mid-styled, and 21 
short-styled. Of another species he collected 13 flowers, 
consisting of 3 long-styled, 7 mid-styled, and 3 short- 
styled. In 1866 Prof. Hildebrand proved* by an ex- 
amination of the specimens in several herbaria that 20 
species are certainly heterostylcd and trimorphic, and 
51 others almost certainly so. He also made some in- 
teresting observations on living plants belonging to 
one form alone ; for at that time he did not possess 
the three forms of any living species. During the 
years 1864 to 1868 I occasionally experimented on 
Oxalis sjwciosa, but until now have never found time 
to publish the results, in 1871 Hildebrand published 
an admirable paper f in which he shows in the case of 
two species of Oxalis, that the sexual relations of the 
three forms are nearly the same as in Lythrum sali - 
caria . I will now give an abstract of his observa- 
tions, and afterwards of my own loss complete ones. 
I may premise that in all the species seen by me, the 
stigmas of the five straight pistils of the long-styled 
form stand on a level with the anthers of the longest 
stamens in the two other forms. In the mid-styled 

uppermost anthers. The numerous * 4 Monatsber. der Akad. dcr 
stamens are graduated in length, Wiss. Berlin,’ 18GG, pp. 352, 372. 
and the |K)llen -grains from the He gives drawings of the three 
longest and shortest ones did not forms at p. 42 of his ‘Geschlechter- 
preseut any marked difference in Vertheilung,’ &c., 18G7. 
diameter. Therefore these species f ‘Bot. Zeituug,* 1871, pp. 41G 

do not appear to be heterostyled. and 432. 
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form, the stigmas pass out between the filaments of 
the longest stamens (as in the short-styled form of 
Linum); and they stand rather nearer to the upper 
anthers than to the lower ones. In the short-styled 

Fig. 11. 



Long-styled. Mid-styled. Short-styled. 

Oxalis srECiOSA (with the petals removed). 

S S S, stigmas. The dotted lines with arrows show which pollen must 
be carried to the stigmas for legitimate fertilisation. 

form, the stigmas also pass out between the filaments 
nearly on a level with the tips of the sepals. The 
anthers in this latter form and in the mid-styled rise 
to the same height as the corresponding stigmas in the 
other two forms. 

Oxalis Valdiviana . — This species, an inhabitant of 
the west coast of South America, bears yellow flowers. 
Hildebrand states that the stigmas of the three forms 
do not differ in any marked manner, but that the pistil 
of the short-styled form alone is destitute of hairs. 
The diameters of the pollen-grains are as follows : — 


From the longest stamens of short-styled . 

Divisions of the 
Micrometer. 

. . 8 to 9 


mid-length „ „ . 

• - 7 „ 8 

»> 

longest stamens of mid-styled . 

. . 8 


shortest „ „ . 

. . 6 

»» 

mid-length stamens of long-styled . 

. . 7 

n 

shortest „ „ . . 

. . 6 
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Therefore the extreme difference in diameter is as 8*5 
to 6, or as 100 to 71. The results of Hildebrand’s ex- 
periments are given in the following table, drawn up 
in accordance with my usual plan. He fertilised each 
form with pollen from the two sets of anthers of the 
same flower, and likewise from flowers on distinct 
plants belonging to the same form ; but the effects 
of these two closely allied kinds of fertilisation differ 
so little that 1 have not kept them distinct. 

Table 27. 

Oxalis Yahliviana {from Hildebrand). 


Nature of Union. 


Number Number Number 

of of of 

Flowers Capsules Seeds per 

fertilised. ' Capsule. 


Long-styled form, by pollen of longest 

stamens of short-styled. Legitimate 11*9 

union 


Long-styled form, by pollen of longest |j 
stamens of mid- styled. Legitimate}! 21 
union . 


Long-styled form, by pollen of own anil 

own-form mid-length stamens. Illegiti- 40 
mate union 


Long-styled form, hy pollen of own and 

own-form shortest stamens. Illegiti- 26 
mate union 


Long-styled form, by pollen of shortest 

stamens of short-styled. Illegitimate 1G 

union . 

Long-styled form, by pollen of shortest 

stamens of mid-styled. Illegitimate 9 

union 
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Table 27 — continued . 


Oxalis Valdiviana (from Hildebrand). 


Nature of Union. 

Number 

of 

Flowers 
fertilised. ' 

Number 

of 

Capsules 

produced. 

Number 

of 

Seeds per 
Capsule. 

Mid-styled form, by pollen of mid-length sta-1 
mens of long-styled. Legitimate union . / 

38 

38 

11-3 

Mid-styled form, by pollen of mid-length) 
stamens of short - styled. Legitimate) 
union j 

23 

23 

10-4 

Mid-styled form, by pollen of own and) 
own-form longest stamens. Illegitimate) 
union ) 

i 

52 j 

t 1 

0 

0 

Mid-styled form, by pollen of own and J 
own-form shortest stamens. Illegitimate > 
union ) 

1 

j 30 

1 

1 

G 

Mid-styled form, by pollen of shortest) 
stamens of long-styled. Illegitimate > 
union ) 

! i. 

0 

0 

Mid-styled form, by pollen of longest sta-1 
mens of short-styled. Illegitimate union/ 

. 16 

2 

2*5 

Short-styled form, by pollen of shortest st jg 

mens of long-styled. Legitimate union . J 

! 18 

11-0 

Short-styled form, by pollen of shortest sta-1 
mens of mid-styled. Legitimate union . ; 

Short-styled form, by pollen of own and 
own-form longest stamens. Illegitimate 
union 

|| 10 

21 

1 10 

| 11*3 


Short-styled form, by pollen of own and 
own-form mid-length stamens. Illegiti- 
mate union 

lort-styled form, by pollen of longest sta-‘i 
mens of mid-styled. Illegitimate union/ 

Short-styled form, by pollen of mid-length 
stamens of long -styled. Illegitimate 
union 
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We here have the remarkable result that every one 
of 138 legitimately fertilised flowers on the three forms 
yielded capsules, containing on an average 11*33 seeds. 
Whilst of the 255 illegitimately fertilised flowers, only 
G yielded capsules, which contained 3*83 seeds on an 
average. Therefore the fertility of the six legitimate 
to that of the twelve illegitimate unions, as judged 
by the proportion of flowers that yielded capsules, is 
as 100 to 2, and as judged by the average number of 
seeds per capsule as 100 to 34. It may l>e added that 
some plants which were protected by nets did not 
spontaneously produce any fruit ; nor did one which 
was left uncovered by itself and was visited by bees. 
On the other hand, scarcely a single flower on some 
uncovered plants of the three forms growing near 
together failed to produce fruit. 

Oxalis TivgneUL — This species bears white flowers 
and inhabits Southern Brazil. Hildebrand says that 
the stigma of the long-styled form is somewhat larger 
than that of the mid-sty hid, and this than that of the 
short-styled. The pistil of the; latter is clothed with a 
lew hairs, whilst it is very hairy in the other two 
forms. The diameter of the pollen-grains from both 
sets of the longest stamens equals 9 divisions of the 
micrometer, — that from the mid-length stamens of the 
long-styled form between 8 and 9, and of the short- 
styled 8, — and that from the shortest stamens of both 
sets 7. So that the extreme difference in diameter is 
as 9 to 7 or as 100 to 78. The experiments made by 
Hildebrand, which arc not so numerous as in the last 
case, are given in Table 28 in the same manner as 
before. 

The results arc nearly the same as in the last case, 
but more striking ; for 41 flowers belonging to the 
three forms fertilised legitimately all yielded capsules. 
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Table 28. 

Oxalis jRcgnelli ( from Hildebrand ). 


Nature of Union. 


i Number j Number 
j of | of 
Flowers 1 Capsules 
j fertilised. ! produced. 


Long-styled form, hy pollen of longest sta-V 
mens of short-styled. Legitimate union/ 

Long-styled form, by pollen of longest \sta-f 
mens of mid-sty led. Legitimate union . \ 

Long-styled fi »rm, by pollen of own mid-) 
length stamens, illegitimate union . / 


Long-stvlcd form, by pollen of own short-1 
est stamen, illegitimate union. . ./ 


Mid-styled form, by pollen of mid-length sta- 
mens of short-styled, legitimate union 

Mid-styled form, by pollen of mid-length sta- 
mens of long-styled. Legitimate union . 

Mid-styled form, by pollen of own longest.'! 
stamens. Illegitimate union! . . ,j 

Mid-styled form, bv pollen of own shortest) 
stamens. Illegitimate union . . . / 

Mid-styled form, by pollen of longest sta-’l 
mens of short-styled, illegitimate union/ 


Short-styled form, hv pollen of shortest sta-1 ; 
mens of mid-styled. Legitimate union. / ; 

Short-styled form, by pollen of shortest sta-ll 
mens of long-styled. Legitimate union . j ■ 

Short-stvled form, by pollen of own mid-/ 
length stamens, illegitimate union . / 

Short-styled form, by pollen of own long-'! 
est stamens. Illegitimate union . .j 

Short-styled form, by pollen of mid-length 1 
stamens of long -styled. Illegitimate > 
union . ... I 


; Average 
Number of 
j Seeds per 
Capsule. 


•1 


10*4 


10-1 
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containing on an average 10*31 seeds; whilst 39 
flowers fertilised illegitimately did not yield a single 
capsule or seed. Therefore the fertility of the six 
legitimate to that of the several illegitimate unions, 
as judged both by the proportion of flowers which 
yielded capsules and by the average number of con- 
tained seeds, is as 100 to 0. 

Oxalis speciosa . — This species, which bears pink 
flowers, was introduced from the Cape of Good Hope. 
A sketch of the reproductive organs of the three 
forms (Fig. 11) lias already been given. The stigma 
of the long-styled form (with the papilla; on its sur- 
face included) is twice as large as that of the short- 
styled, and that of the mid-styied intermediate in size. 
The pollen-grains from the stamens in the three forms 
are in their longer diameters as follows : — 

Divisions of the 
Micromotor. 


From tli<; longest stamens of short-styled. . . 15 to 10 

„ mid-length „ „ . . . 12 „ l.'S 

„ longest stamens of in i<l-sty led . . . 10 

„ shortest „ „ ... 11 to 12 

„ mid-length stamens of long-sytled . 14 

„ shortest „ „ ... 12 


Therefore the extreme difference in diameter is as 
16 to 11, or as 100 to 69 ; but as the measurements 
were taken at different times, they are probably only 
approximately accurate. The results of my experiments 
in fertilising the three forms are given in the following 
table. 
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Table 29. 

Oxalla speciosa. 


Nature of Union. 

i 

Number 

of 

Flowers 

fertilised. 

Number 

of 

Capsules 

produced. 

Average 
Number of 
Seeds per 
Capsule. 

Long-sty led form, by pollen of longestl 
stamens of short - styled. Legitimate 
union j 


15 

57*4 

Long-styled form, by pollen of longest! 
stamens of inid- styled. Legitimate 
union J 

1 - 1 • 
i 1 

59*0 

Long-stvled form, by pollen of own-form) 
mid-length stamens. Illegitimate union j 

> 9 

j o 

42*5 

Long-styled form, by pollen of own-form ) 
shortest stamens. Illegitimate union ./ 

■! a 
i 

l 0 

0 

Long-styled form, by pollen of shortest | 
stamens of mid -styled. Illegitimate) 
union ) 

1 4 

1 

° 

0 

Long-styled form, by pollen of mid-length 
stamens of short-styled. Illegitimate 
union 

i 

1 12 

! 

5 

30*0 

Mid-st vied form, by pollen of mid-length 1 
stamens of long - styled, legitimate) 
union j 

3 

1 

3 

63*6 

Mid-styled form, by pollen of mid-length I 
stamens of short- styled. Legitimate) 
union . ^ . . j 

' 4 

1 i 

4 

5G*3 

Mid-styled form, by mixed pollen from) 
both own -form longest and shortest) 
stamens. Illegitimate union . . . J 

1 

1 

9 

2 

19 

Mid-styled form, by pollen of longest! 
stamens of short-styled. Illegitimate) 
union j 

12 

1 

8 


i 
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Table 29 — continued. 


(JjraJia Sfteriosa. 


Nature of Union. 

Numbr 
! of 

: Flowers 
| fertilised. 

Number 1 Average 
of ; Number of 

Capsules 1 Seeds per 
produced, j Capsule. 

Short-styled form, bv pollen of shortest] 
stamens of mid - styled. Legitimate 
union j 

| .'J 

* | . 

Short-styled form, by pollen of shortest) 
stamens of long -styled. Legitimate 
union | 

j* 3 

3 

| 54-3 

Short-styled form, by pollen of own-form' 1 
longest stamens. Illegitimate union .j 

f, 6 

1 

| 8 

Short-styled form, by pollen of own-form } 
mid-length stamens. Illegitimate union | 


0 

| 0 

Short-styled form, by both pollens mixed 
together, of own-form longest and mid- 
length stamens. Illegitimate union . 

i: 

r 

t) 

i 

! 0 

Short-styled form, by pollen of longest 
stamens of mid -styled. Illegitimate 
union 

| 7 

(.) 

0 

Short-styled form, by pollen of mid-length 
stamens of long -styled. Illegitimate 
union 

| 10 

1 

f>4 


We here see that thirty-six flowers on the three 
forms legitimately fertilised yielded 30 capsules, these 
containing on an average 58*36 seeds. Ninety -five 
flowers illegitimately fertilised yielded 12 capsules, 
containing on an average 28*58 seeds. Therefore tin? 
fertility of the six legitimate to that of the twelve 
illegitimate unions, as judged hv the proportion of 
flowers which yielded capsules, is as 100 to 15, and 
judged by the average number of seeds per capsule as 
100 to 49. This plant, in comparison with the two 
South American species previously described, produces 

N 
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many more seeds, and the illegitimately fertilised 
flowers are not quite so sterile. 

O&alis rosea . — Hildebrand possessed in a living state 
only the long-styled form of this trimorphie Chilian 
species.* The pollen-grains from the two sets of 
anthers differ in diameter as 9 to 7*5, or as 100 to 83. 
He has further shown that there is an analogous 
difference between the grains from the two sets of 
anthers of the same flower in five other species of Oxalis, 
besides those already described. The present species 
differs remarkably from the long-styled form of the 
three species previously experimented on, in a much 
larger proportion of the flowers setting capsules when 
fertilised with their own-form pollen. Hildebrand fer- 
tilised 00 flowers with pollen from the mid-length 
stamens (of cither the same or another flower), and 
they yielded no less than 55 capsules, or 92 per cent. 
These capsules contained on an average f)*02 seeds; 
but we haves no means of judging how near an approach 
this average* makes to that from flowers legitimately 
fertilised. Jit* also fertilised 45 flowers with pollen 
from the shortest, stamens, and these yielded only 17 
capsules, or 31 per cent., containing on an average 
only 2*G5 seeds. AVe thus see that about tliriee as 
many flowers, when fertilised with pollen from the 
mid-length stamens, produced capsules, and these 
contained twice as many seeds, as did the flowers 
fertilised with pollen from the shortest stamens. 
It thus appears (and we find some evidence of 
the same fact with 0. speciosa ), that the same rule 
holds good with Oxalis as with Lythrum salicaria ; 
namely, that in any two unions, tne greater the in- 
equality in length between the pistils and stamens, or, 


‘ Momitsbcr. der Akud. dcr Wisa. Berlin,’ 1SGG, p. 372. 
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which is the same tiling, the greater the distance of 
the stigma from the anthers, the pollen of which is 
used for fertilisation, the less fertile is the union, — 
whether judged by the proportion of flowers which 
set capsules, or by the average 1 number of seeds per 
capsule. The rule cannot be explained in this ease 
any more than in that of Ly thrum, by supposing 
that wherever there is greater liability to self-fertilisa- 
tion, this is cheeked by tilt 1 union being rendered more 
sterile; for exactly the reverse occurs, the liability to 
self-fertilisation being greatest in the unions between 
the pistils and stamens which approach each other the 
nearest, and these! are the more fertile. 1 may add 
that I also possessed some long-styled plants of this 
species: out 1 was covered by a net, and it set sponta- 
neously a few capsules, though extremely few com- 
pared with those produced by a plant growing by 
itself, but exposed to the visits of bees. 

With most of the species of Oxalis the short-styled 
form seems to be the most sterile of the three forms, 
when these are illegitimately fertilised ; and 1 will add 
two other eases to those- already given. I fertilised 
20 short-styled flowers of 0 . coniprewa with pollen from 
their own two sets of stamens (the pollen-grains of 
wliieli differ in diameter as 100 and 8.‘>), and not one 
produced a capsule. I formerly cultivated during 
several years the short-styled form of a species pur- 
chased under the name of 0. Bowii (but I have some 
doubts whether it was rightly named), and fertilised 
many flowers with their own two kinds of pollen, 
which differ in diameter in tins usual manner, but 
never got a single seed. On the. other hand, Hilde- 
brand says that the short-styled form of 0 . Bippei , 
growing by itself, yields plenty of seed ; but it is not 
positively known that this species is lieterostyled ; and 

N 2 
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the pollen-grains from the two sets of anthers do not 
differ in diameter. 

Some facts communicated to me by Fritz Muller 
afford excellent evidence of the utter sterility of one 
of the forms of certain trim orphic species of Oxalis, 
when growing isolated. He has seen in St. Catharina, 
in Brazil, a large field of young sugar-cane, many 
acres in extent, covered with the red blossoms of one 
form alone, and these did not produce a single seed. 
His own land is covered with the short-styled form of 
a white-flowered triniorphie species, and this is equally 
sterile ; but when the three forms were planted near 
together in his garden they seeded freely. With two 
other triniorphie species he finds that isolated plants 
are always sterile. 

Fritz Miiller formerly believed that a species of 
Oxalis, which is so abundant in St. Catharina that it 
borders the roads for miles, was dimorphic instead of 
triniorphie. Although the pistils and stamens vary 
greatly in length, as was evident in some specimens 
sent to me, yet the plants can be divided into two 
sets, according to the lengths of these organs. A 
large proportion of the anthers are of a white colour 
and quite destitute of pollen; others which are pale 
yellow contain many bad with some good grains ; and 
others again which are bright yellow have apjiarently 
sound pollen ; but he has never succeeded in finding 
any fruit on this species. The stamens in some of 
the flowers are partially converted into petals. Fritz 
Muller after reading my description, hereafter to l>e 
given, of the illegitimate offspring of various hetero- 
sty led species, suspects that these plants of Oxalis 
may be the variable and sterile offspring of a single 
form of some triniorphie species, perhaps accidentally 
introduced into the district, which has since been 
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propagated asexually. It is probable that this kind 
of propagation would be much aided by there being 
no expenditure in the production of seed. 

Oxalis (Biophytum) sensitive — This plant is ranked 
by many botanists as a distinct genus. Mr. Thwaites 
sent me a number of flowers preserved in spirits from 
Ceylon, and they are clearly trimorphic. The style 
of the long-styled form is clothed with many scattered 
hairs, both simple and glandular; such hairs are much 
fewer on the style of the mid-styled, and quite ab- 
sent from that of the short-styled form ; so that this 
plant resembles in this respect 0. Valdiviana and 
RegnellL Calling the length of the two lobes of 
the stigma of the long-styled form 100, that of 
the mid-styled is 141, and that of the short-styled 
104. In all other cases, in which the stigma in this 
genus differs in size in the throe forms, the differ- 
ence is of a reversed nature, the stigma of the long- 
styled being the largest., and that of tin 5 short-styled 
the smallest. The diameter of the pollen-grains from 
the longest stamens being represented by 100, those 
from tin*, mid-length stamens are 5)1, and those from 
the shortest stamens 84 in diameter. This plant is 
remarkable, as we shall see in the last chapter of 
this volume, by producing long-styled, mid-styled, 
and short-styled cleistogamic flowers. 

Homostyled Species of Oxalis. — Although the majority 
of the species in the large genus Oxalis seem to be 
trimorphic, some are homostyled, that is, exist under 
a single form ; for instance the common 0 . aceto- 
sella i, and according to Hildebrand two other widely 
distributed European species, 0. stricta and corniculata . 
Fritz Muller also informs me that a similarly consti- 
tuted species is found in St. Catharina, and that it is 
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fertile with its own pollen when insects are ex- 
cluded. The stigmas of O.strictci and of another homo- 
styled species, viz. 0. tropmoloides , commonly stand on 
a level with the upper anthers, and both these species 
an 1 likewise quite fertile when insects are excluded. 

With respect to 0 . acetosella, Hildebrand says that in 
all the many specimens examined by him the pistil 
exceeded the longer stamens in length. 1 procured 
108 flowers from the same number of plants growing in 
three distant parts of England ; of* these 80 had their 
stigmas projecting considerably above, whilst 22 had 
them nearly on a level with the upper anthers. In 
one lot of 17 flowers from the same wood, the stigmas in 
every flower projected fully as much above the upper 
anthers as these stood above the lower anthers. So 
that those plants might fairly be compared with the 
long-styled form of a heterostyled species; and 1 at 
first thought that 0. acetosella was trimorphio. But 
the ease is one merely of great variability. The 
poll on -grains from the two sots of anthers, as observed 
by Hildebrand and myself, do not differ in diameter. 
I fertilised twelve flowers on several plants with pol- 
len from a distinct plant, choosing those with pistils 
of a different length ; and 10 of those (i.e. 83 per cent.) 
produced capsules, which contained on an average 7*9 
seeds. Fourteen flowers were fertilised with their own 
pollen, and 11 of these (i.e. 79 per cent.) yielded cap- 
sules, containing a larger average of seed, namely 9*2. 
These plants, therefore, in function show not the 
least sign of being heterostyled. I may add that 18 
flowers protected by a not were left to fertilise them- 
selves, and only 10 of these (i.e. 55 per cent.) yielded 
capsules, which contained on an average only 6’3 seeds. 
So that the access of insects, or artificial aid in placing 
pollen on the stigma, increases the fertility of the 
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flowers; and I found that this applied especially to 
those having shorter pistils. It should be remem- 
bered that the flowers hang downwards, so that those 
with short pistils would be the least likely to receive 
their own pollen, unless they were aided in some 
manner. 

Finally, as Hildebrand lias remarked, there is no 
evidence that any of the heterostyled species of Oxalis 
are tending towards a dioecious condition, as Znecarini 
and Lind ley inferred from the differences in the re- 
productive organs of the three forms, the meaning of 
which they did not understand. 


PONTEDERIA [si\ ?] (PONTEDEUIACE.T:.) 

Fritz IMiiller found this aquatic plant, which is al- 
lied to the Liliaecje, growing in the greatest profusion 
on the banks of a river in Southern llrazil.* Hut only 
two forms were found, the flowers of which include 
three long and throe short stamens. The pistil of the. 
long-styled form, in two dried flowers which were sent 
me, was in length as 100 to 32, and its stigma as 100 
to 80, compared with the, same organs in the sliort- 
styled form. The long-styled stigma projects conside- 
rably above the upper anthers of the, same flower, and 
stands on a level with the upper ones of the short-styled 
form. In the latter the stigma is seated beneath both its 
own sets of anthers, and is on a level with the anthers 
of the shorter stamens in the long-styled form. The 
anthers of the longer stamens of the short-styled form 
arc to those of the shorter stamens of the long-styled 
form as 100 to 88 in length. The pollen-grains distended 

*“Ueber den Trimorpliismus Zeituchrift,’ &c., Band 0, 1871, 
dcr Pontederien ” ; ‘Jenaische p. 74. 
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with water froiti the longer stamens of the short-styled 
form are to those from the shorter stamens of the same 
form as 100 to 87 in diameter, as deduced from ten 
measurements of each kind. We thus see that the 
organs in these two forms differ from one another 
and are arranged in an analogous manner, as in the 
long and short-styled forms of the trimorpliie sjvecies 
of Ly thrum and Oxalis. Moreover, the longer stamens 
of the long-styled form of Pontederia, and the shorter 
ones of the short -styled form are placed in a proper 
position for fertilising the stigma of a mid-styled form. 
Jhit Fritz Muller, although lie examined a vast number 
of plants, could never find one belonging to the mid- 
styled form. The older flowers of the long-styled 
and short-styled plants had set plenty of apparently 
good fruit ; and this might have been expected, as 
they could legitimately fertilise, one another. Al- 
though lie could not find the mid-styled form of 
this species, he possessed plants of another species 
growing in his garden, and all these were mid-styled ; 
and in this ease the pollen-grains from the anthers of 
the longer stamens were to those from the shorter sta- 
mens of the same flower as 100 to 8(> in diameter, as 
deduced from ten measurements of each kind. These 
mid-styled plants growing by themselves never pro- 
duced a single fruit. 

Considering these several facts, there can hardly be 
a doubt that both these species of Pontederia are 
heterostyled and trimorpliie. This case is an interest- 
ing one, for no other Moiioeotyledonous plant is known 
to be heterostyled. Moreover, the flowers are irregular, 
and all other heterostyled plants have almost sym- 
metrical flowers. The two forms differ somewhat in 
the colour of their corollas, that of the short-styled 
being of a darker blue, whilst that of the long-styled 
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tends towards violet, and no other such case is known. 
Lastly, the three longer stamens alternate with the 
three shorter ones, whereas in Lythrum and Oxalis 
the long and short stamens belong to distinct whorls. 
With respect to the absence of the mid -styled form in 
the case of the Pontederia which grows wild in Southern 
13razil, this would probably follow if only two forms 
had been originally introduced there ; for, as we shall 
hereafter see from the observations of Hildebrand, 
Fritz SI iiller and myself, when one form of Oxalis is 
fertilised exclusively by either of the other two forms, 
the offspring generally belong to the two parent- 
forms. 

Fritz Muller has recently discovered, as he informs 
me, a third species of Pontederia, with all three forms 
growing together in pools in the interior of S. Brazil ; 
so that no shadow of doubt can any longer remain 
about this genus including triinorphic species. He 
sent me dried flowers of all throe forms. In the long- 
styled form the stigma stands a little above the tips of 
the petals, and on a level with the authors of the 
longest stamens in the other two forms. The pistil is 
in length to that of the mid-styled as 100 to 50, and 
to that of the short-styled as 100 to 16. Its summit is 
rectangularly bent upwards, and the stigma is rather 
broader than that of the mid-styled, and broader in 
about the ratio of 7 to 4 than that of the short-styled. 
In the mid-styled form, the stigma is placed rather 
above the middle of the corolla, and nearly on a level 
with the mid-length stamens in the other two forms; 
its summit is a little bent upwards. In the short- 
styled form the pistil is, as we have seen, very short, 
and differs from that in the other two forms in being 
straight. It stands rather beneath the level of the 
anthers of the shortest stamens in the long-styled and 
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mid-stylcd forms. The three anthers of each set of 
stamens, in ore especially those of the shortest stamens, 
are placed one beneath the other, and the ends of the 
filaments are bowed a little upwards, so that the pollen 
from all the anthers would be effectively brushed off 
by the proboscis of a visiting insect. The relative 
diameters of the pollen-grains, after having been long 
soaked in water, art*, given in the following list, as 
measured by my son Francis. 

Divisions of tlic 
Micrometer. 

Long-styled form, from the mid-length stamens . . . UP 2 

(Average of 20 measurements.) 

„ „ from the shortest stamens . . . . 0*0 

(10 measurements.) 

Mid-sty Jed form, from the longest stamens . . . . 16*4 

(15 measurements.) 

„ „ from the shortest stamens . . . . 9’1 

(20 measurements.) 

Short-styled form, from the. longest stamens . . . . 14*0 

(20 measurements.) 

„ „ from the mid-length stamens . . . 12*3 

(20 measurements.) 


We have here the usual rule of the grains from the 
longer stamens, the tubes of which have to penetrate 
the longer pistil, being larger than those from the 
stamens of less length. The extreme difference in 
diameter between the grains from the longest stamens 
of the mid-sty led form, and from the shortest stamens 
of the long-styled, is as 16*4 to 11*0, or as 100 to 55 ; 
and this is the greatest difference observed by me in 
any hoterostyled plant. It is a singular fact that the 
grains from the corresponding longest stamens in the 
two forms differ considerably in diameter ; as do those 
in a lesser degree from the corresponding mid-length 
stamens in the two forms ; whilst those from the cor- 
responding shortest stamens in the long- and mid- 
styled forms are almost exactly equal. Their in- 
equality in the two first cases depends on the grains 
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in both sets of anthers in the short-styled form being 
smaller than those from the corresponding anthers in 
the other two forms ; and here we have* a case parallel 
with that of the mid-styled form of Lythrum salimria. 
In this hitter plant the pollen -grains of the mid-styled 
forms are of smaller size and have less fertilising power 
than the corresponding ones in the other two forms; 
whilst the ovarium, however fertilised, yields a greater 
number of seeds ; so that the mid-styled form is alto- 
gether more feminine in nature than the other two 
forms. In the case oi* Pontederia, the ovarium in- 
cludes only a single ovule, and what the meaning of 
the difference in size between tin*, pollen-grains from 
the corresponding sets of anthers may be, I will not 
pretend to conjecture. 

The elear evidence that the. species just described is 
hotorostyled and trimorphie is the. more valuable as 
there is some? doubt with respect to 1\ cordata, an in- 
habitant of the United States. Mr. Leggett suspects* 
that it is either dimorphic or trimorphie, for the 
pollen-grains of the longer stamens are “more than 
twice the diameter or than eight times the mass of 
the grains of the shorter stamens. Though minute, 
these smaller grains seem as perfect as the larger 
ones.” On the other hand, he says that in all the 
mature flowers, “the style was as long at least as 
the longer stamens;” “whilst in the young flowers 
it was intermediate in length between the two sets of 
stamens ;” and if this be so, the species can hardly be 
hoterostyled. 


* ‘ Bull, of the Toney Botanical Club/ 1875, vol. vi p. 62. 



188 


ILLEGITIMATE OFFSPRING OF 


Chai\ V. 


CHAPTER y. 

Illegitimate Offspring of IIeterostyled Flants. 

Illegitimate offspring from all three forms of Ly thrum salicaria — Their 
dwarfed stature and sterility, some utterly barren, some fertile — 
Oxalis, transmission of form to the legitimate and illegitimate 
seedlings — Primula Sinensis, illegitimate offspring in some degree 
dwarfed and infertile — Equal -styled varieties of P. Sinensis, auri- 
cula, farinosa, and clatior — P. vulgaris, red-flowered variety, illegi- 
timate seedlings sterile— P. veris, illegitimate plants raised during 
several successive generations, their dwarfed stature and sterility — 
Equal -sty led varieties of P. veris — Transmission of form by Pul- 
inonaria and Polygonum — Concluding remarks — Close parallelism 
between illegitimate fertilisation and hybridism. 

We liave hitherto treated of the fertility of the flowers 
of heterostyled plants, when legitimately and illegiti- 
mately fertilised. The present chapter will he devoted 
to the character of their offspring or seedlings. Those 
raised from legitimately fertilised seeds will be here 
called legitimate seedlings or jilants, and those from 
illegitimately fertilised seeds, illegitimate seedlings or 
plants. They differ chiefly in their degree of fertility, 
and in their powers of growth or vigour. I will begin 
with trimorphic plants, and I must remind the reader 
that each of the three forms can be fertilised in six 
different ways ; so that all three together can he ferti- 
lised in eighteen different ways. For instance, a 
long-styled form can be fertilised legitimately by the 
longest stamens of the mid-styled and short-styled 
forms, and illegitimately by its own-form mid-length 
and shortest stamens, also by the mid-length stamens 
of the mid-styled and by the shortest stamens of the 
short-styled form ; so that the long-styled can be ferti- 
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lised legitimately in two ways and illegitimately in 
four ways. The same holds good with respect to the 
mid-sty led and short-styled forms. Therefore with 
trimorpliie species six of the eighteen unions yield 
legitimate offspring, and twelve yield illegitimate 
offspring. 

I will give the results of my experiments in detail, 
partly because the observations are extremely trouble- 
some, and will not probably soon be repeated — thus, I 
was compelled to count under the microscope above 
20,000 seeds of Lythrum mlicaria — but chiefly because 
light is thus indirectly thrown on the important sub- 
ject of hybridism. 

Lythrum salicaiua. 

Of the twelve illegitimate unions two were com- 
pletely barren, so that no seeds wore obtained, and of 
course no seedlings could be raised. Seedlings wore, 
however raised from seven of the ten remaining il- 
legitimate unions. Such illegitimate seedlings when 
in flower were generally allowed to bo freely and 
legitimately fertilised, through the agency of bees, by 
other illegitimate plants belonging to the two other 
forms growing close by. This is the fairest plan, and 
was usually followed; but in several cases (which 
will always be stated) illegitimate plants were ferti- 
lised with pollen taken from legitimate plants be- 
longing to the other two forms ; and this, as might 
have been expected, increased their fertility. Lythrum 
salicaria is much affected in its fertility by the nature 
of the season ; and to avoid error from this source, 
as far as possible, my observations were continued 
during several years. Some few experiments were 
tried in 1803. The summer of 1864 was too hot and 
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dry, and, though the plants were copiously watered, 
some lew apparently suffered in their fertility, whilst 
others were not in the least affected. The years 
1865 and, especially, 1866, were highly favourable. 
Only a few observations were made during 1867. 
The results are arranged in classes according to the 
parentage of the plants. In each case the average 
number of seeds per capsule is given, generally taken 
from ten capsules, which, according to my experience, 
is a nearly sufficient number. The maximum num- 
ber of seeds in any one capsule is also given ; and 
this is a useful point of comparison with the nor- 
mal standard — that is, with the number of seeds 
produced by legitimate plants legitimately ferti- 
lised. I will give likewise in each case the minimum 
number. When the maximum and minimum differ 
greatly, if no remark is made on the subject, it may 
be understood that the extremes are so closely con- 
nected by intermediate figures that the average is a 
lair one. Large capsules were always selected for 
counting, in order to avoid over-estimating the infer- 
tility of the several illegitimate plants. 

In order to judge of the degree of inferiority in 
fertility of the several illegitimate plants, the follow- 
ing statement of the average and of the maximum 
number of seeds produced by ordinary or legitimate 
plants, when legitimately fertilised, some artificially 
and some naturally, will serve as a standard of com- 
parison, and may in each case he referred to. l>ut I 
give under each experiment the percentage of seeds 
produced hv the illegitimate plants, in comparison 
with the standard legitimate number of the same 
form. For instance, ten capsules from the illegitimate 
long-styled plant (No. 10), which was legitimately 
and naturally fertilised by other illegitimate plants. 
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(contained on an average 44*2 seeds; whereas the 
capsules on legitimate long-styled plants, legitimately 
and naturally fertilised by other legitimate plants, 
contained on an average 98 seeds. Therefore this 
illegitimate plant yielded only 47 per cent, of the 
full and normal complement of seeds. 


Standard Number of Seeds produced hy Legitimate Plants 
of the three Forms , when legitimately fertilised. 

Long-styled form : average number of seeds in each 
capsule, 93 ; maximum number observed out of twenty- 
throe capsules, 159. 

JM id-styled form: average number of seeds, 180; 
maximum number observed out of thirty-one capsules, 
151. 

Short-styled form : average number of seeds, 88 ’5 ; 
but we may, for the sake of brevity, say 88 ; maximum 
number observed out of twenty-live capsules, 112. 

Classes I. and IT. Illegitimate Plants raised from 
Long-styled Parents fertilised tilth pollen from the 
mid-length or the shortest stamens of other plants of 
the same form. 

From this union 1 raised at different times three 
lots of illegitimate seedlings, amounting altogether to 
50 plants. I must premise that, from not foreseeing 
the result, I did not keep a memorandum whether the 
eight plants of the first lot were the product of the 
mid-length or shortest stamens of the same form ; but 
I have good reason to believe that they were the pro- 
duct of the latter. These eight plants were much more 
dwarfed, and much more sterile than those in the other 
two lots. The latter were raised from a long-styled 
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plant growing quite isolated, and fertilised by the 
agency of bees with its own pollen ; and it is almost 
certain, from the relative position of the organs of 
fructification, that the stigma under these circum- 
stances would receive pollen from the mid-length 
stamens. 

All tin* iifty-six plants in these throe lots proved long- 
sty hid ; now, if the parent-plants had been legitimately 
fertilised by pollen from the longest stamens of the 
mid-styled and short-styled forms, only about one- 
third of the seedlings would have been long-styled, 
the other two-thirds being mid-styled and short-styled. 
In some other trimorphie and dimorphic genera we 
shall find tin* same curious fact, namely, that the long- 
styled form, fertilised illegitimately by its own-form 
pollen, produces almost exclusively long-styled seed- 
lings.* 

The eight plants of flu* first lot were of low stature : 
three which I measured attained, when fully grown, the 
heights of only 28, 29, and *17 inches ; whilst legitimate 
plants growing close by were double this height, one 
being 77 inches. They .‘ill betrayed in their general 
appearance a weak constitution ; they flowered rather 
later in the season, and at a later age than ordinary 
plants. Some 1 did not flower every year ; and one plant, 
behaving in an unprecedented manner, did not flower 
until three years old. In the two other lots none of 
the plants grew quite to their full and proper height, 
as could at once he seen by comparing them with the 
adjoining rows of legitimate plants. In several plants 
in all three lots, many of the anthers were cither 
shrivelled or contained brown and tough, or pulpy 

* Hildebrand first on lied atten- of Primula Sinensis ; but bis ro- 
tion (‘Hot. Zcitung,’ Jan. 1, 18(54, suits were not nearly so uniform 
p. 5) to this fact in the case as mine. 
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matter, without any pood pollen-grains, and they never 
shed their contents; they were in the state designated 
l»y Gartner* as eontaheseent, which term I will tor the 
future use. In one flower all the anthers were ennta- 
beseent excepting two which appeared to the naked 
eye sound ; but under the microscope about two-thirds 
of the pollen-grains were seen to Ik* small and shrivelled. 
In another plant, in which all the anthers appeared 
sound, many of the pollen-grains were shrivelled and 
of unetpial sizes. I counted the seeds produced by 
seven plants (1 to 7) in tin 1 first- lot. of eight, plants, 
probably tlx* product of parents fertilised by their 
own-form shortest, stamens, and the seeds produced by 
three plants in the other two lots, almost certainly the 
product of parents fertilised by their own-form mid- 
length stamens. 

Plant 1. This long-styled plant was allowed during 1SG:» to 
)*e freely and legitimately fertilised by an adjoining illegitimate 
mid-st vied plant, but it did not yield a single seed-capsule. It 
was then removed and planted in a remote plaee close to a 
brother long-styled plant No. 2, so that it must have been freely 
though illegitimately fertilised; under those circumstances it 
did not yield during 18G1 and 18G5 a single, capsule.. I should 
here state that a legitimate or ordinary long-styled plant, when 
growing isolated, and freely though illegitimately fertilised by 
insects with its own pollen, yielded an immense num)>er of 
capsules, which contained oil an average 21*5 seeds. 

Plant 2. This long-styled plant, after flowering during 18G3 
close to an illegitimate mid-styled plant, produced less than 
twenty capsules, which contained on an average between four 
and five seeds. When subsequently growing in company with 
No. 1, by which it will have l>een illegitimately fertilised, it 
yielded in 18G6 not a single capsule, but in 18G5 it yielded 
twenty-two capsules: the best of those, fifteen in numlicr, were 
examined; eight contained no seed, and the remaining seven 
contained on an average only three seeds, and these seeds were 


* ‘Beitriigc zur Kenntniss dur Befruchtung,’ 18J4, p. 11(J. 
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so small and shrivelled that I doubt whether they would have 
germinated. 

Plants 3 and 4. These two long-styled plants, after being 
freely and legitimately fertilised during 1803 by the same ille- 
gitimate inid-styled plant as in tlu* last case, were as miserably 
sterile as No. 2. 

Plan! 5. This long-styled plant, after flowering in I8G3 close 
to an illegitimate mid-styled plant, yielded only four capsules, 
which altogether included only live seeds. During 1804, 1805, 
and 1800, it was surrounded either by illegitimate or legitimate 
plants of the other two forms; but it did not yield a single 
capsule. It was a superfluous experiment, but I likewise arti- 
ficially fertilised in a legitimate manner twelve flowers; but not 
one of these, produced a capsule; so that this plant was almost 
absolutely barren. 

Plant 0. This long-styled plant, after flowering during the 
favourable year of J NOG* surrounded by illegitimate plants of 
the other two forms, did not produce a single capsule. 

Plant 7. This long-styled plant was the most fertile of the 
eight plants of the first lot. During 1805 it was surrounded by 
illegitimate plants of various parentage, many of which were 
highly fertile, and must thus have been legitimately fertilised. 
It produced a good many capsules, ten of which yielded an 
average of 30*1 seeds, with a maximum of 47 and a minimum 
of 22; so that this plant produced 3b per cent, of the full 
number of seeds. During J8G1 it was surrounded by legitimate 
and illegitimate plants of the other two forms; and nine 
capsules (one poor one being rejected) yielded an average of 
41 '«) seeds, with a maximum of 50 and a minimum of 28; so 
that, under these favourable circumstances, this plant, the most 
fertile of the fust lot, did not yield, when legitimately fertilised, 
quite 45 per cent, of the full complement of seeds. 

In the second lot of plants in tin* present class, 
descended from tin* long-styled form, almost certainly 

i .• v 

fertilised with pollen from its own mid-length stamens, 
the plants, sis already stated, w ere not nearly so dwarfed 
or so sterile as in the first lot. AH produced plenty 
of capsules. 1 counted the number of seeds in only 
three plants, viz. Nos. 8, 9, and 10. 
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Plant 8. This plant was allowed to l>o freolv fertilised in 18(11 
hy legitimate and illegitimate plants of tlu* other two forms, 
and ten capsules yielded on an average 41 ‘1 seeds, with a 
maximum of 73 and a minimum of 11. lienee this plant pro- 
duced only 44 per cent, of the full complement- of seeds. 

Pl<ml D. This long-styled plant was allowed in 1805 to In* 
freely fertilised hy illegitimate plants of the other two forms, 
most of which were moderately fertile. Fifteen capsules yielded 
on an average 57' 1 seeds, with a maximum of Shand a minimum 
of '23. Hence the plant yielded 01 per cent, of the full comple- 
ment of seeds. 

J'lant 10. This long-styled plant was freely fertilised at the 
same time and in the same manner as the last. Ten capsules 
yielded an average of 44*2 seeds, with a maximum ot 01) and a 
minimum of 25; hence- this plant, yielded 47 per cent, of the- 
full complement of seeds. 

The nineteen long-styled plants of the. third lot, of 
the same parentage as the last lot, wen* treated dif- 
ferently ; for they Dowered during 1 Sl#7 hy themselves 
so that they must have been illegitimately fertilised 
hy one another. It has already been stated that a 
legitimate long-styled plant, growing by itself and 
visited by inserts, yielded an average of 21 *5 seeds 
per capsule, with a maximum of 35 ; but, to judge 
fairly of its fertility, it ought, to have been observed 
during successive seasons. We may also infer from 
analogy that, if several legitimate, long-styled plants 
were to fertilise one another, the average number of 
seeds would be. increased; but how much increased 
1 do not know; lienee l have no perfectly fair standard 
of comparison by which to judge of the fertility of tlu* 
three following plants of the present lot, the seeds of 
which I counted. 

Plant 11. This long-styled plant produced a large crop of 
capsules, and in this respect was one of the most fertile, of 
tiie whole lot of nineteen plants. But the average from ten 

U 2 
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capsules was only 35*9 seeds, with a maximum of GO and a 
minimum of 8. 

Plant 12. This long-styled plant produced very few capsules 
and ten yielded an average of only 15*4 seeds, with a maximum 
of 30 and a minimum of 4. 

Plant 13. This plant offers an anomalous case; it flowered 
profusely, yet produced very few capsules; but these con- 
tained numerous seeds. Ten capsules yielded an average of 
71 9 seeds, with a maximum of 95 and a minimum of 29. Con- 
sidering that, this plant was illegitimate and illegitimately fer- 
tilised by its brother long-styled seedlings, the average and the 
maximum arc. so remarkably high that I cannot, at all under- 
stand the ease. "We should remember that the average for a 
legitimate plant legitimately fertilised is 93 seeds. 


Class J II. Illegitimate Plant* raised from a Short - 
stifled Parent fertilised with jwllen from own-form 
mid-length stamens. 

1 raised from this union nine plants, of which eight 
were short-styled and ono long-styled ; so that there 
seems to he a strong tendency in this form to repro- 
duce, when self-fertilised, the parent-form; but the 
tendency is not so strong its with the long-styled. 
These nine plants never attained the full height of 
legitimate plants growing close to them. The anthers 
were eontaboseent in many of the ilowers on several 
plants. 

Plant 14. This short-styled plant was allowed during 1805 to 
l>c freely and legitimately fertilised by illegitimate plants de- 
scended from self-fertilised mid-, long- and short-styled plants. 
Fifteen capsules yielded an average of 28 '3 seeds, with a 
maximum of 51 and a minimum of 11; lienee this plant 
produced only 33 ]ht cent, of the proper number of seeds. The 
seeds themselves were small and irregular in shape. Although 
so sterile on the female side, none of the anthers were conta- 
l»eseent. 

Plant 15. This short-styled plant, treated like the last during 
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the same year, yielded an average, from fifteen capsules, of ‘27 
seeds, with a maximum of 49 and a minimum of 7. But two 
poor capsules may l>e rejected, and then the average rises to 
32 *G, with the same maximum of 49 and a minimum of 20; so 
that this plant attained 38 per cent, of the normal standard of 
fertility, and was rather more, fertile than the last, yet many of 
the anthers were cental icseoiit. 

Plant 10. This short-styled plant, treated like the two last, 
yielded from ten capsules an average of 77' 8 seeds, with a 
maximum of 97 and a minimum of GO; so that this plant 
produced 94 per cent, of the full numlx'.r of seeds. 

Plant 17. This, the one long-styled plant of the same parent- 
age as the last, three plants, when freely and legitimately ferti- 
lised in the same manner as the last, yielded an average from 
ten capsules of 70*3 rather poor seeds, with a maximum of 88 
and a minimum of 57. lienee this plant produced 82 per cent, 
of the projKT numl>er of seeds. Twelve flowers enclosed in a 
net were artificially and legitimately fertilised with pollen from 
a legitimate short-styled plant; and nine capsules yielded an 
average of 82*5 seeds, with a maximum of 98 and a minimum 
of 51; so that its fertility was increased by the action of 
pollen from a legitimate plant, hut still did not reach the normal 
standan l. 

Class IV. Illegitimate Plant* raised from a Midst gled 

Parent fertilised u'ith pollen from own form longest 

stamens . 

After two trials, I succeeded in raising only four 
plants from this illegitimate union. These proved to 
be three mid-sty led and one, long-styled ; but from so 
small a number we can hardly judge of the tendency 
in mid-styled plants when self-fertilised to reproduce 
the same form. These four plants never attained their 
full and normal height; the long-styled plant had 
several of its anthers contabescent. 

Plant 18. This mid-styled plant, when freely and legitimately 
fertilised during 1865 by illegitimate plants descended from 
self-fertilised long-, short-, and mid-styled plants, yielded an 
average from ten capsules of 102*6 seeds, with a maximum of 
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131 and a minimum of 63: hence this plant did not produce* 
quite 80 per cent, of the normal numlicr of seeds. Twelve 
flowers were artificially and legitimately fertilised with pollen 
from a legitimate, long-styled plant, and yielded from nine 
capsules an average of 116 1 seeds, which were finer than 
in the previous case, with a maximum of 135 and a minimum 
of 75; so that, as with Plant 17, pollen from a legitimate 
plant increased the fertility, hut did not bring it up to the full 
standard. 

Plant 19. This mld-styled plant, fertilised in the same manner 
and at the same period as the last, yielded an average from 
ten capsules of 73*4 seeds, wilh a maximum of 87 and a mini- 
mum of 64 : lienee this plant produced only 5G per cent, of the 
full number of seeds. Thirteen flowers were artificially and 
legitimately fertilised with pollen from a legitimate long-styled 
plant, and yielded ten capsules with an average of 95- 6 seeds; 
so that the application of pollen from a legitimate plant added, 
as in the two previous eases, to the fertility, but did not bring 
it np to the proper standard. 

Plant 20. This long-styled plant, of the same parentage with 
the two last mid-styled plants, and freely fertilised in the same 
manner, yielded an average from ten capsules of 69*6 seeds, 
with a maximum of 83 and a minimum of 52 : lienee this plant 
produced 75 per cent, of the full number of seeds. 

Class Y. Illegitimate Plants raised from a Short-styled 

Parent fertilised with fallen from the mid-length 

stamens of the long-styled form. 

In the four previous classes, plants raised from the 
three forms fertilised with pollen from either the longer 
or shorter stamens of the same form, hut generally not 
from the same plant, have been described. Six other 
illegitimate unions are possible, namely, between the 
three forms and the stamens in the other two forms 
which do not correspond in height with their pistils. 
But I succeeded in raising plants from only three of 
these six unions. From one of them, forming the pre- 
sent Class Y., twelve plants were raised ; these con- 
sisted of eight short-styled, and four long-styled plants, 
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with not one mid-styled. These twelve plants never 
attained quite their full and proper height-, but by no 
means deserved to be called dwarfs. The anthers in 
some of the flowers were eontabeseent. One plant was 
remarkable from all the longer stamens in every flower 
and from many of the shorter ones having their 
anthers in this condition. The pollen of four other 
plants, in which none of the anthers were contabe- 
scent, was examined ; in one a moderate number of 
grains wore minute and shrivelled, but in tins other 
three they appeared perfectly sound. With respect, to 
the power of producing seed, live plants (Nos. ‘21 to 
25) were observed : one yielded scarcely more than 
half the normal number; a secoud was slightly infer- 
tile; but the three others actually produced a larger 
average number of seeds, with a higher maximum, 
than the standard. In my concluding remarks I shall 
recur to this fact, which at lirst appears inexplicable. 

Phut. 21. This short-styled plant., freely and legitimately 
fertilised during 1805 l>y illegitimate plants, descended from 
self-fertilised long-, mid- and short-styled parents, yielded an 
average from ten capsules of Id seeds, with a maximum of fill 
and a minimum of 20: hence this plant, which was the one 
with all its longer and many of its shorter stamens eontalHjseent., 
produced only 52 per cent, of the proper nmnlier of seeds. 

Phut 22. This short-styled plant produced perfectly sound 
pollen, as viewed under the microscope. During I860 it was 
freely and legitimately fertilised by other illegitimate plants 
lelouging to the present and the following class, lxith of which 
include many highly fertile plants. Under these circumstances 
it yielded from eight caj>sules an average of 100*5 seeds, with 
a .maximum of 123 and a minimum of 80; so that it produced 
121 per cent, of seeds in comparison with the normal standard. 
During 1804 it was allowed to Ik; freely and legitimately ferti- 
lised by legitimate and illegitimate plants, and yielded an 
average, from eight capsules, of 104*2 seeds, with a maximum 
of 125 and a minimum of 90; consequently it exceeded the 
normal standard, producing 125 i>er cent, of seeds. In this 
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case, as in some previous cases, pollen from legitimate plants 
added in a small degree to the fertility of the plant ; and the 
fertility would, perhaps, have been still greater had not the 
summer of ls61 been very hot and certainly unfavourable to 
some of the plants of Lythrum. 

Plant 23. This short-styled plant produced perfectly sound 
pollen. During I860 it was freely and legitimately fertilised by 
the other illegitimate plants specified under the last experi- 
ment, and c;iglit capsules yielded an average of 113 ’5 seeds, 
with a maximum of 123 and a minimum of 93. Hence this 
plant, exceeded the normal standard, producing no less than 136 
per cent, of seeds. 

Plant 21. This long-styled plant produced pollen which 
seemed under the microscope sound; but some of the grains 
did not swell when phieed in water. During 1861 it was 
legitimately fertilised by legitimate and illegitimate plants in 
the same manner as Plant 22, but yielded an average, from ten 
capsules, of only 55 seeds, with a maximum of 88 and a mini- 
mum of 2J, thus attaining 59 per cent, of the normal fertility 
This low degree of fertility, I presume, was owing to the un- 
favourable season ; for during 1866, when legitimately fertilised 
by illegitimate plants in the manner described under No. 22, it 
yielded an average, from eight capsules, of 82 seeds, with a 
maximum of 120 and a minimum of 67, thus producing 88 per 
cent, of the normal number of seeds. 

Plant 25. The pollen of this long-styled plant contained a 
moderate number of poor and shrivelled grains; and this is a 
surprising circumstance, as it yielded an extraordinary number 
of seeds. During 1866 it was freely and legitimately fertilised 
by illegitimate plants, as described under No. 22, and yielded 
an average, from eight capsules, of 122 *5 seeds, with a maximum 
of 149 and a minimum of 84. Hence this plant exceeded 
the normal standard, producing no less than 131 per cent, of 
seeds. 

Class YI. Illegitimate Plants raised from Mid-styled 
Parents fertilised with pollen from the shortest 
stamens of the long-styled form. 

I raised from this union twenty-five plants, which 
proved to be seventeen long-styled and eight mid- 
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styled, but not one short-styled. None of these plants 
were in the least dwarfed. I examined, during the 
highly favourable season of 1866, the pollen of four 
plants : in one mid-styled plant, some of the anthers of 
the longest stamens were contabescent, but the pollen- 
grains in the other anthers were mostly sound, as 
they were in all the anthers of the shortest stamens ; 
in two other mid-styled and in one long-styled plant 
many of the pollen-grains were small and shrivelled ; 
and in the latter plant as many as a fifth or sixth part 
appeared to be in this state. I counted the seeds in 
five plants (Nos. 2G to 30), of which two were mode- 
rately sterile and three fully fertile. 

Plant 26. This mid-styled plant was freely and legitimately 
fertilised, during the rather unfavourable year 1864, by numer- 
ous surrounding legitimate and illegitimalo plants. It, yielded 
an average, from ten capsules, of 83 f> seeds, with a maximum 
of 110 and a minimum of 64, thus attaining 61 per cent, of the 
normal fertility. During the highly favourable year 1866, it 
was freely and legitimately fertilised by illegitimate plants 
belonging to the present Class and to (Mass V., and yielded 
an average, from eight capsules, of 86 seeds, with a maximum 
of 109 and a minimum of 61, and thus attained G6 per cent, 
of the normal fertility. This was the plant with some of the 
anthers of the longest stamens contabescent as al>ove mentioned. 

Plant 27. This mid-styled plant, fertilised during 1864 in the 
same manner as the last, yielded an average, from ten capsules, 
of 99*4 seeds, with a maximum of 122 and a minimum of 53, 
thus attaining to 76 per cent, of the normal fertility. If the 
season had l>een more favourable, its fertility would probably 
have been somewhat greater, but, judging from the last experi- 
ment, only in a slight degree. 

Plant 28. This mid-styled plant, when legitimately fertilised 
during the favourable season of 1866, in the manner described 
under No. 26, yielded an average, from eight capsules, of 89 
seeds, with a maximum of 119 and a minimum of 69, thus pro- 
ducing 68 per cent, of the full number of seeds. In the pollen 
of both sets of anthers, nearly as many grains were small and 
shrivelled as sound. 
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Plant 29. This long-styled plant \yas legitimately fertilised 
during the unfavourable season of 1864, in the manner described 
under No. 26, and yielded an average, from ten capsules, of 
84*6 seeds, with a maximum of 132 and a minimum of 47, thus 
attaining to 91 per cent, of the normal fertility. During the 
highly favourable season of 1866, when fertilised in the manner 
descril>cd under No. 26, it yielded an average, from nine cap- 
sules (one poor capsule having l>een excluded), of 100 seeds, 
with a maximum of 121 and a minimum of 77. This plant thus 
exceeded the normal standard, and produced 107 ]>er cent, of 
seeds. In both sets of anthers there were a good many bad and 
shrivelled pollen-grains, but not so many as in the last-described 
plant. 

Plant 30. This long-styled plant was legitimately fertilised 
during 1866 in the manner described under No. 26, and yielded 
an average, from eight capsules, of 91 seeds, with a maximum 
of 106 and a minimum of 66; so that it exceeded the normal 
standard, yielding 101 per cent, of seeds. 

Plant SI. Some flowers on this long-styled ] dan t were arti- 
ficially and legitimately fertilised by one of its brother illegiti- 
mate mid-styled plants ; and five capsules yielded an average; of 
90*6 seeds, with a maximum of 97 and a minimum of 79. 
Hence, as far as can be judged from so few capsules, this plant 
attained, under these favourable circumstances, 98 per cent, of 
the normal standard. 


Class VII. Illegitimate Plants raised from Mid~styled 
Parents fertilised with jpollen from the longest stamens 
of the short-styled form . 

It was shown in the last chapter that the union from 
which these illegitimate plants were raised is far more 
fertile than any other illegitimate union; for the mid- 
styled parent, when thus fertilised, yielded an average 
(all very poor capsules being excluded) of 102-8 seeds, 
with a maximum of 130 ; and the seedlings in the 
present class likewise have their fertility not at all 
lessened. Forty plants were raised ; and these attained 
their full height and were covered with seed-capsules. 
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Nor did I observes any contabescent anthers. It do- 
serves, also, particular notice that these plants, differ- 
ently from wliat occurred in any of the previous classes, 
consisted of all three forms, namely, eighteen short- 
styled, fourteen long-styled, and eight mid-styled 
plants. As these plants were so fertile, I counted the 
seeds only in the two following cases. 


riant 32. This mid-sty led plant was freely and legitimately 
fertilised during the unfavourable year of 1804, l>y numerous 
surrounding legitimate and illegitimate plants. Eight cap- 
sules yielded an average of 127 ‘2 seeds, with a maximum of 144 
and a minimum of 90; so that this plant attained 98 per cent, 
of the normal standard. 

Plant 33. This short-styled plant was fertilised in the same 
manner and at the same time with the last ; and ten capsules 
yielded an average; of 113*9, with a maximum of 137 and a 
minimum of 90. lienee this plant produced no loss than 137 
]>er cent, of seeds in comparison with the normal standard. 


Concluding Remarks on the III giti mate Off sirring of the 
three forms of Lythrum salicaria. 

From the three forms occurring in approximately 
equal numbers in a state of nature;, and from the re- 
sults of sowing seed naturally produced, there is reason 
to believe that each form, when legitimately fertilised, 
reproduces all three forms in about equal numbers. 
Now, we have seen (and the fact is a very singular 
one) that the fifty-six plants produced from the 
long-styled form, illegitimately fertilised with pollen 
from the same form (Class I. and II.), were all long- 
styled. The short-styled form, when self-fertilised 
(Class III.), produced eight short-styled and one long- 
styled plant; and the mid-styled form, similarly treated 
(Class IV.), produced three mid-styled and one long- 
styled offspring ; so that these two forms, when ille- 
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gitimately fertilised with pollen from the same form, 
evince a strong, but not exclusive, tendency to repro- 
duce the parent-form. When the short-styled form 
was illegitimately fertilised by the long-styled form 
(Class V.), and again when the mid-styled was illegiti- 
mately fertilised by the long-styled (Class VI.), in 
each case the two parent-forms alone were reproduced. 
As thirty-seven plants were raised from these two 
unions, we may, with much confidence, believe that it 
is the rule that plants thus derived usually consist of 
both parent-forms, but not of the third form. When, 
however, the mid-styled form was illegitimately fer- 
tilised by the longest stamens of the short-styled 
(Class VII.), the same rule did not hold good ; for the 
seedlings consisted of all three forms. The illegiti- 
mate union from which these latter seedlings were 
raised is, as previously stated, singularly fertile, and 
the seedlings themselves exhibited no signs of sterility 
and grew to their full height. From the consideration 
of these several facts, and from analogous ones to bo 
given under Oxalis, it seems probable that in a state 
of nature the pistil of each form usually receives, 
through the agency of insects, pollen from the stamens 
of corresponding height from both the other forms. 
But the case last given shows that the application of 
two kinds of pollen is not indispensable for the pro- 
duction of all three forms. Hildebrand has suggested 
that the cause of all three forms being regularly and 
naturally reproduced, may be that some of the flowers 
are fertilised with one kind of pollen, and others 
on the same plant with the other kind of pollen. 
Finally, of the three forms, the long-styled evinces 
somewhat the strongest tendency to reappear amongst 
the offspring, whether both, or one, or neither of the 
parents are long-styled. 
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Tabulated results of the fertility of the foregoing illegitimate 
plants, when legitimately fertilised, generally by illegitimate 
plants, as descried under caeli ex]>erimcnt. Plants 11, 12 
and 13 are excluded, as they were illegitimately fertilised. 

Normal Standard of Fertility of the three forma, when legitimate 7 // 
and v a t //rally fertilise/ 1 . 


Form. 

\ Average Maximum j 
Number of Number in; 

| Seeds per j any one | 

| Capsule, j Capsule. 

Minimum Number in any 
one Oupsule. 

Long-sty h:il . 

03 

1 

150 

iNo record was kept, as 

Mid-sty led . 

. ! 130 

151 

> all very poor capsules 

Short-styled 

. | 83 • 5 

112 

1 were rejected. 


Class I. and II. — Illegitimate Plants raised, from Long-styled 
Parents fertilised mil It /ml leu from < urn-form mid-length or 
shortest stamens . 


Number of Hunt. 

Form. 

1 

Average Maximum ! 
Number ol Nuiulier in 
Seeds per ; any one 
Capsule, j Cupric. 

Average Xum- 
Miniinum ; lier of Seeds, 
Nuiulier in i expressed as 
any one the percentage 
Oupsuic. of the Nonuul 
j Standard. 

Plant 

1 . . 

Long-styled 

0 

0 

0 

n 

n 

2 . . 

11 

4-5 

? 

0 

5 

11 

3 . . 

11 

4-5 

V 

0 

5 


4 . . 


4-5 

? 

0 

5 


5 . 

11 

.0 or 1 

o 

- 

0 

0 or 1 

11 

0 . . 

11 

0 

0 

0 

0 


7 . . 

11 

3G-1 

47 

22 

30 


8 . . 

11 

41*1 

73 

11 

44 


9 . , 

11 

57 • 1 

80 

23 

G1 

'5 

10 . . 

11 

1 

44 ■ 2 

i GO 

25 

47 


CLASS III. — Illegitimate Plants raised from Short-styled Parents 
fertilised with pollen from own-form mid-length stamens. 


Plant 14 . 

Short-styled 

X 

frl 

51 

11 

33 

a 15 . • 


i 32 * G ! 

40 

20 

38 

„ 1G . . j 

11 

i 77-8 

07 

GO 

04 

» 17 . . 

! Long-styled 

1 7G * 3 j 

88 

S 

57 

82 
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Table 30 — continued. 


CLASS IV . — Illegitimate Plants raised from Mid-sty led Parents 
fertilised with jwlleu from o ten -form longest stamens. 


N umber of Plant. 

i 

Form. 

! | 

Average Maximum 
Number of Number in 
Seeds per any one 
Capsule. Cupsule. 

! i 

, Average Num- 
: M inimum l>er of Seeds, 
Number in expressed as 
j any one the percentage 
| Cajttmle. of the Normal 

1 Standard. 

Plant 18.. 

- Mid-st vied. 

102*6 

131 

j 65 i 

80 

„ 19 . . ! 

?> 

75*4 

87 

1 64 i 

56 

„ 20 . . i 

Long-styled 

69 * 6 

83 

! ; ’ a i 7:> 


I 


CLASS V . — Illegitimate Plants raised from Short-styled Parents 
fertilised with %ndlen from the mid-length stamens of the long- 
styled form. 

43*0 | 63 ! 26 | 52 

100T> 123 1 SO 121 

113*5 123 05 136 

82*0 120 67 88 

122*5 149 84 j 131 

l 

CLASS VI . — Illegitimate Plants raised from M id-styled Parents 
fertilised with pollen front the shortest stamens of the long- 
styled form. 


ant 26 . 

. Mid-st vied. 

86*0 

109 

61 

66 

„ 27 . 

• » 

99-4 

122 

53 

76 

„ 28 . 

• ?? 

, 89*0 

119 

69 ! 

68 

„ 29 . 

. Long-styled 

100*0 

121 

77 

107 

„ 50 . 

• yy 

94*0 

J 06 

66 

101 

„ 31 . 

• yy 

i 90*6 

1 

97 

79 

98 


Cl.ASS VII. — Illegitimate Plants raised from Mid-st yled Parent* 
fertilised with pollen from the longest stamens of the short- 
styled form. 
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The lessened fertility of most of these illegitimate 
plants is in many respects a highly remarkable phe- 
nomenon. Thirty-three plants in the seven classes 
were subjected to various trials, and the seeds care- 
fully counted. Some of them were artificially ferti- 
lised, but the far greater number were freely fertilised 
(and this is the better and natural plan) through the 
agency of insects, by other illegitimate plants. In the 
right-hand, or percentage column, in the preceding 
table, a wide difference in fertility l>etween the plants 
in the first four and the last three classes may be ]>er- 
eeived. In the first four classes the plants are de- 
scended from the three forms illegitimately fertilised 
with pollen taken from t lie same form, but only 
rarely from the same plant. It is necessary to observe 
this latter circumstance ; for, as I have elsewhere 
shown,* most plants, when fertilised with their own 
pollen, or that from the same plant, are in some 
degree sterile, and the seedlings raised from such 
unions are likewise in some degree sterile, dwarfed, 
and feeble. None of the nineteen illegitimate plants 
in the first four classes were completely fertile; one, 
however, was newly so, yielding 96 per cent, of the 
proper number of seeds. From this high degree of 
fertility we have many descending gradations, till we 
reach an absolute zero, when the plants, though bear- 
ing many flowers, did not produce, during successive 
years, a single seed or even seed -capsule. Some of the 
most sterile plants did not even yield a single seed 
w r hen legitimately fertilised with pollen from legiti- 
mate plants. There is good reason to believe that the 
first seven plants in Class I. and II. were the offspring 


♦ ‘The Effects of Cross and Self-fertilisation in the Vegetable 
Kingdom,' 1876. 
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of a long-styled plant fertilised with pollen from its 
own-form shortest stamens, and these plants were the 
most sterile of all. The remaining plants in Class I. 
and II. were almost certainly the product of pollen 
from the mid-length stamens, and although very ste- 
rile, they were less so than the first set. None of the 
plants in the first four classes attained their full and 
proper stature ; the first seven, which were the most 
sterile of all (as already stated), were by far the most 
dwarfed, several of them never reaching to half their 
proper height. These same plants did not flower at so 
early an age, or at so early a period in the season, as 
they ought to have done. The anthers in many of 
their flowers, and in the flowers of some other plants 
in the first six classes, were either eontabescent or in- 
cluded numerous small and shrivelled pollen -grains. 
As the suspicion at one time occurred to me that the 
lessened fertility of the illegitimate plants might be 
due to the pollen alone having been affected, 1 may 
remark that this certainly was not the case ; for several 
of them, when fertilised by sound pollen from legiti- 
mate plants, did not yield the full complement of 
seeds; hence it is certain that both the female and 
male reproductive organs were affected. In each of 
the seven classes, the plants, though descended from 
the same parents, sown at the same time and in the 
same soil, differed much in their average degree of 
fertility. 

Turning now to the fifth, sixth, and seventh classes, 
and looking to the right-hand column of the table, we 
find nearly as many plants with a percentage of seeds 
above the normal standard as beneath it. As with 
most plants the number of seeds produced varies much, 
it might be thought that the present case was one 
merely of variability. I3ut this view’ must be rejected. 
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as far as the less fertile plants in these three classes 
are concerned : first, because none of the plants in 
Class V. attained their proper height, which shows 
that they were in some manner affected ; and, secondly, 
because many of the plants in Classes V. and YI. pro- 
duced anthers which were either contabescent or in- 
cluded small and shrivelled pollen-grains. And as in 
these cases the male organs were manifestly deterio- 
rated, it is by far the most probable conclusion that 
the female organs were in some cases likewise affected, 
and that this was the cause of the reduced number of 
seeds. 

With respect to tin? six plants in these three classes 
which yielded a very high percentage of seeds, the 
thought naturally arises that the normal standard of 
fertility for the long-styled and short-styled forms 
(with which alone we are here concerned) may have 
been fixed too low, and that the six illegitimate plants 
are merely fully fertile. The standard for the long- 
styled form was deduced by counting the seeds in 
twenty-throe capsules, and for the short-styled form 
from twenty-five capsules. I do not pretend that this 
is a sufficient number of capsules for absolute accu- 
racy ; but my experience has led me to believe that a 
very fair result may thus be gained. As, however, the 
maximum number observed in the twenty-five capsules 
of* the short-styled form was low, the standard in this 
case may possibly be not quite high enough. 13ut it 
should be observed, in the case of the illegitimate 
plants, that in order to avoid over-estimating their in- 
fertility, ton very fine capsules were always selected ; 
and the years 1865 and 1866, during which the plants 
in the three latter classes were experimented on, were 
highly favourable for seed-production. Now, if this 
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plan of selecting very fine capsules (luring favourable 
seasons had been followed for obtaining the normal 
standards, instead of taking, during various seasons, 
the first capsules which came to hand, the standards 
would undoubtedly have been considerably higher ; 
and thus the fact of the six foregoing plants appearing 
to yield an unnaturally high percentage of seeds may, 
perhaps, be explained. On this view, these plants are, 
in fact, merely fully fertile, and not fertile to an ab- 
normal degree. Nevertheless, as characters of all 
kinds are liable to variation, especially with organisms 
unnaturally treated, and as in the four first and more 
sterile classes, the plants derived from the same pa- 
rents and treated in tin* same manner, certainly did 
vary much in sterility, it is possible that certain plants 
in the latter and more 1 fertile classes may have varied 
so as to have acquired an abnormal degree of fertility, 
lint it should be noticed that, if my standards err in 
being too low, the sterility of all the many sterile 
plants in the several classes will have to be estimated 
by so much the higher. Finally, we see that the ille- 
gitimate plants in the four first classes are all more or 
loss sterile, some being absolutely barren, with one 
alone almost completely fertile ; in the three latter 
classes, some of the plants arc 1 moderately sterile, 
whilst others are fully fertile 1 , or possibly fertile in 
excess. 

The last point which need here 1 bo noticed is that, 
as far as the means of comparison serve, some degree 
of relationship generally exists between the infertility 
of the illegitimate union of the several parent-forms 
and that of their illegitimate offspring. Thus the 
two illegitimate unions, from which the plants in 
Classes VI. and VII. were derived, yielded a fair 
amount of seed, and only a few of these plants are in 
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any degree sterile. On the other hand, the illegiti- 
mate unions between plants of the same form always 
yield very few seeds, and their seedlings are very 
sterile. Long -styled parent-plants when fertilised 
with pollen from their own-form shortest stamens, ap- 
pear to be rather more sterile than when fertilised with 
their own-form mid-length stamens ; and the seedlings 
from the former union were much more sterile than 
those from the latter union. In opposition to this re- 
lationship, short-styled plants illegitimately fertilised 
with pollen from the mid-length stamens of the long- 
styled form (Class Y.) are very sterile ; whereas some 
of the offspring raised from this union were far from 
being highly sterile. It may be added that there is a 
tolerably close parallelism in all the classes between 
the degree of sterility of the plants and their dwarfed 
stature. As previously stated, an illegitimate plant 
fertilised with pollen from a legitimate plant has its 
fertility slightly inereased. The importance of the 
several foregoing conclusions will be apparent at the 
close of this chapter, when the illegitimate unions be- 
tween the forms of the same species and their illegiti- 
mate offspring, are compared with the hybrid unions 
of distinct species and their hybrid offspring. 

Ox A LIS. 

No one has compared the legitimate and illegiti- 
mate offspring of any trimorphic species in this genus. 
Hildebrand sowed illegitimately fertilised seeds of 
Oxalis Valdiviana* but they did not germinate ; and 
this fact, as he remarks, supports my view that an 
illegitimate union resembles a hybrid one between 


p 2 


* *Bot. Zeitung,* 1871, p. 433, footnote. 
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two distinct species, for the seeds in this latter case 
are often incapable of germination. 

The following observations relate to the nature of the forms 
which appear among the legitimate seedlings of (Mali's Wihli viana. 
Hildebrand raised, as described in the paper just referred to, 
211 seedlings from all six legitimate unions, and the three forms 
appeared among the offspring from each union. For instance, 
long-stvled pi ants were legitimately fertilised with pollen from 
the longest stamens of the mid -styled form, and the seedlings 
consisted of 10 long-styled, 18 mid-styled, and 0 short-styled. 
We. here see that a few short -styled plants were produced, though 
neither parent was short-styled; and so it was with the other 
legitimate unions. Out of the above 211 seedlings, 173 Ik ‘ longed 
to the same two forms as their parents, and only 38 belonged 
to the, third form distinct from either parent. In the ease of 
(). the result, as observed by Hildebrand, was nearly 

the same, but more striking: all the offs] wing from four of the 
legitimate unions consisted of the two parent -forms, whilst 
amongst, the seedlings from the other two legitimate unions the 
third form appeared. Thus, of the 43 seedlings from the six 
legitimate unions, 35 belonged to the same two forms as their 
parents, and only 8 to the third form. Fritz Midler also raised 
in Brazil seedlings from long-styled plants of 0. lieptdli legiti- 
mately fertilised with pollen from the longest stamens of the 
mid-styled form, and all these belonged to the two parent- 
forms.* Lastly, seedlings were raised by me from long-styled 
plants of IK s/htmkm legitimately fertilised by the short-styled 
form, and from the latter reciprocally fertilised by the long- 
styled; and these consisted of 33 long-styled ami 2d short- 
styled plants, with not one mid-styled form. There can, there- 
fore, he no doubt that the legitimate offspring from any two 
forms of Oxalis tend to belong to the same two forms as their 
parents; hut that a few seedlings belonging to the third form 
occasionally make their appearance ; and tliis latter fact, as 
Hildebrand remarks, may he attributed to atavism, as some of 
their progenitors will almost certainly have belonged to the 
third form. 

When, however, any one form of Oxalis is fertilised illegiti- 

* ‘ Jenaische ZeitBchrift,* &c. Band vi. 1871, p. 75. 
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matcly with pollen from the same form, the seedlings appear to 
belong invariably to this form. Thus Hildebrand states* that 
long-styled plants of 0. rosea growing by themselves have been 
propagated in Germany year after year by seed, and have always 
produced long-styled plants. Again, 17 seedlings were raised 
from mid-st.vled plants of 0. hedijsanmlcs growing by themselves, 
and these were all mid-styled. So that the lbnns of Oxalis. 
when illegitimately fertilised wth their own pollen, behave like 
the long-styled form of Lythrvm salimria, which when thus fer- 
tilised always produced with me long-styled offspring. 


Primula. 

Primula Sinensis. 

I raised during February 18l>2, from some long- 
styled plants illegitimately fertilised with pollen from 
the ’same form, twenty-seven seedlings. These, were 
all long-styled. Tiny proved fully fertile or oven 
fertile in excess; for ten flowers, fertilised with pollen 
from other plants of the same lot, yielded nine cap- 
sules, containing on an average 33*75 seeds, with a 
maximum in one capsule of (>(> seeds. Four other 
flowers legitimately crossed with pollen from a legiti- 
mate plant, and four flowers on the latter crossed with 
pollen from the illegitimate seedlings, yielded seven 
capsules with an average of 53 seeds, with a maximum 
of 72. I must here state that I have found some 
difficulty in estimating the normal standard of fer- 
tility for the several unions of this species, as the 
results differ much during successive years, and 
the seeds vary so greatly in size that it is hard to 


* ‘ Uebcr den TrimorphiHiiius zu Rerlin,* 21st June 1800, p. 373 ; 
in del* Gattung Oxali.s: Mounts- and ‘ I3ot. Zeitung,’ 1871, p. 435. 
bcrichte der Akud. der Wisaen. 
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decide which ought to be considered good. In order 
to avoid over-estimating the infertility of the several 
illegitimate unions, I have taken the normal standard 
as low as possible. 

From the foregoing twenty-seven illegitimate plants, 
fertilised with their own-lbrm pollen, twenty-five seed- 
ling grandchildren were raised; and these were all 
long-styled ; so that from the two illegitimate gene- 
rations fifty-two plants were raised, and all without 
exception proved long-styled. These grandchildren 
grew vigorously, and soon exceeded in height two 
other lots of illegitimate seedlings of different parent- 
age and one lot of equal-styled seedlings presently to 
be described. Hence I expected that they would have 
turned out highly ornamental plants; but when they 
flowered, they seemed, as my gardener remarked, to 
have gone back to the wild state; for the petals were 
pale-coloured, narrow, sometimes not touching each 
other, flat, generally deeply notched in the middle, 
but not flexuous on the margin, and with the yellow 
eye or centre conspicuous. Altogether these flowers 
were strikingly different from those of their pro- 
genitors; and this, I think, can only be accounted 
for on the principle of reversion. Most of the anthers 
on one plant were eontabeseent. Seventeen flowers 
on the grandchildren were illegitimately fertilised 
with pollen taken from other seedlings of the same 
lot, and produced fourteen capsules, containing on an 
average 29 * 2 seeds ; but they ought to have con- 
tained about 65 seeds. Fifteen flowers legitimately 
fertilised with pollen from an illegitimate short-styled 
plant (belonging to the lot next to be described) pro- 
duced fourteen capsules, containing an average of 46 
seeds : they ought to have contained at least 50 seeds. 
Hence these grandchildren of illegitimate descent ap- 
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pear to have lost, though only in a very slight degree, 
their full fertility. 

We will now turn to the short-styled form : from a 
plant of this kind, fertilised with its own-form pollen, 
1 raised, during February 1802, eight seedlings, seven 
of which were short-styled and one long-styled. Tiny 
grew slowly, and never attained to the full stature, of 
ordinary plants ; some of them flowered precociously, 
and others late in the season. Four flowers on these 
short-styled seedlings and four on the one long-styled 
seedling were illegitimately fertilised with their own- 
form pollen and produced only three capsules, con- 
taining on an average 2.‘>*(> seeds, with a maximum 
of 29; but we cannot judge of their fertility from so 
few capsules; and 1 have greater doubts about the 
normal standard for this union than about any other; 
but 1 believe that rather above 25 seeds would be a 
fair estimate. Eight flowers on these same short-styled 
plants, and the one long-styled illegitimate, plant 
wore reciprocally and legitimately crossed ; they pro- 
duced live capsules, which contained an average of 
28*0 seeds, with a maximum of IKi. A reciprocal 
cross between legitimate plants of the two forms 
would have yielded ail average of at least 57 seeds, 
with a possible maximum of 74 seeds; so that these 
illegitimate plants were sterile when legitimately 
crossed. 

I succeeded in raising from the above seven short- 
styled illegitimate plants, fertilised with their own- 
form pollen, only six plants — grandchildren of the 
first union. These, like their parents, were of low 
stature, and had so poor a constitution that four died 
before flowering. With ordinary plants it has been 
a rare event with me to have more than a single plant 
die out of a large lot. The two grandchildren which 
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lived and flowered were short-styled; and twelve of 
their flowers were fertilised with their own-form pollen 
and produced twelve capsules containing an average 
of 28*2 seeds; so that these two plants, though be- 
longing to so weakly a set, were rather more fertile 
than their parents, and perhaps not in any degree 
sterile. Four flowers on the same two grandchildren 
were legitimately fertilised by a long-styled illegiti- 
mate plant, and produced four capsules, containing 
only ,‘12 ■ 2 seeds instead of about 64 seeds, which is 
the normal average for legitimate short-styled plants 
legitimately crossed. 

By looking back, it will be seen that I raised at 
first- from a short-styled plant fertilised with its own- 
form pollen one long-styled and seven short-styled 
illegitimate seedlings. Those seedlings were legiti- 
mately intercrossed, and from their seed fifteen plants 
were raised, grandchildren of the first illegitimate 
union, and to my surprise all proved short-styled. 
Twelve short-styled flowers borne by these grand- 
children were illegitimately fertilised with pollen 
taken from other plants of the same lot, and produced 
eight capsules which contained an average of 21 ’8 
seeds, with a maximum of 35. These figures are 
rather below the normal standard for such a union. 
Six flowers were also legitimately fertilised with pollen 
from an illegitimate long-styled plant and produced 
only three capsules, containing on an average 23*6 
seeds, with a maximum of 35. Such a union in the 
case of a legitimate plant ought to have yielded an 
average of 64 seeds, with a possible maximum of 73 
seeds. 

Summary on the Transmission o f Form , Constitution , 
and Fertility of the Illegitimate Offspring of Primula 
Sinensis . — In regard to the long-styled plants, their 
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illegitimate offspring, of which fifty-two wore raised in 
the course of two generations, were all long-styled.* 
These plants grew vigorously ; but the flowers in one 
instance were small, appearing as if they had reverted 
to tlie wild state. In the first illegitimate generation 
they were perfectly fertile, and in the second their 
fertility was only very slightly impaired. With 
respect to the short-styled plants, twenty-four out of 
twenty-five of their illegitimate offspring were short- 
styled. They were dwarfed in stature, and one lot of 
grandchildren had so poor a constitution that four out 
of six plants perished before flowering. The two sur- 
vivors, when illegitimately fertilised with their own- 
form pollen, were rather less fertile than they ought 
to have been ; but their loss of fertility was clearly 
shown in a special and unexpected manner, namely, 
when legitimately fertilised by other illegitimate 
plants: thus altogether eighteen flowers were fertilised 
ill this manner, and yielded twelve capsules, which 
included oil an average only 28*5 seeds, with a 
maximum of 45. Now a legitimate short-styled plant 
would have yielded, when legitimately fertilised, an 
average of G4 seeds, with a possible maximum of 74. 
This particular kind of infertility will perhaps he best 
appreciated by a simile : we may assume that with 
mankind six children would be born on an average from 
ail ordinary marriage ; but that only three would be 
born from an incestuous marriage. According to the 
analogy of Primula Sinensis , the children of* such 


* Dr. Hildebrand, who first 
called attention to this subject 
(‘ Bot. Zeitung.' 1804, p. f>), raised 
from a similar illegitimate union 
seventeen plants, of which four- 
teen were long-styled and three 


short-styled. From a short-styled 
plant illegitimately fertilised with 
its own pollen he raised fourteen 
plants, of which eleven were short- 
styled and three long-styled. 
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incestuous marriages, if they continued to marry in- 
cestuously, would have their sterility only slightly 
increased ; but their fertility would not be restored by 
a proper marriage; for if two children, both of in- 
cestuous origin, but in no degree related to each 
other, were to marry, the marriage would of course be 
strictly legitimate, nevertheless they would not give 
birth to more than half the full and proper number 
of children. 

Equal-styled variety of Primula Sinensis . — As any variation in 
the structure of the reproductive organs, combined with changed 
function, is a rare event., the following cases are worth giving 
in detail. My attention was first called to the subject by ob- 
serving, in 1862, a long-styled plant, descended from a self- 
fertilised long-styled parent, which had some of its flowers in an 
anomalous state, namely, with the stamens placed low down in 
the corolla as in the ordinary long-styled form, but with the 
pistils so short that the stigmas stood on a level with the anthers. 
These stigmas were nearly as globular and as smooth as in the 
short-styled form, instead of being elongated and rough as in 
the long-styled form. Ilerc, then, we have combined in the 
same flower, the short stamens of the long-styled form with a 
pistil closely resembling that of the short-styled form. But 
the structure varied much even on the same uml>el : for in two 
flowers the pistil was intermediate in length between that of 
the long and that of the short-styled form, with the stigma 
elongated as in the former, and smooth as in the latter; and in 
three other flowers the structure was in all respects like that of 
the long-styled form. These modifications appeared to me so 
remarkable that I fertilised eight of the flowers with their own 
pollen, and obtained five capsules, which contained on an aver- 
age 43 seeds; and this number shows that the flowers had 
Income abnormally fertile in comparison with those of ordinary 
long-styled plants when self-fertilised. I was thus led to ex- 
amine the plants in several small collections, and the result 
showed that the equal-styled variety was not rare. 

In a state of nature the long-and short-styled forms would no 
doubt occur in nearly equal numbers, as I infer from the analogy 
of the other hetcrostyled species of Primula, and from having 
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Table 31. 


Primula Sinen*i8. 


Name of Owner or Place. 


Mr. Horwood 

Mr. Duck 

Huston 

Chichester 

Ho] wood 

High Elms 

Westerham 

My own plants from purchased seeds 
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Form. 

! 

Sbori-«tyU<* 

Varvtjr. 

0 

0 ; 

17 

£ J‘» 

(i i 

V 

:;*» 

1 H 

u. 

1J 

it ! 

- 

4J 

1-' 


M 

«» 


1 

Ft | 


1 

i 



Total 


Did M ** > 


raised the two forms of the ]n*<‘sc‘iit species in exactly the same 
nmnher from flowers which had been l^jitimatfhj crossed. The 
preponderance in the al»ove table of the long-styled form over 
the short-styled (in the proportion of 134 to ol) results from gar- 
den ors generally collecting seed from self-fertilised flowers ; and 
the long-styled flowers product*, spontaneously much more seed 
(as shown in the first chapter) than the sliort-styled, owing to the 
anthers of the long-styled form being placed low down in the 
corolla, so that, when the flowers fall off, the anthers are dragged 
over the stigma; and we now also know that long-styled plants, 
when self-fertilised, very generally reproduce long-styled off- 
spring. From the consideration of this table, it occurred to 
me in the year 1862, that almost all the plants of the Chinese 
primrose cultivated in England would sooner or later become 
long-styled or equal-styled; and now, at the close of 1876, I 
have had five small collections of plants examined, and almost 
all consisted of long-styled, with some more or less well-cha- 
racterised equal-styled plants, hut with not one short-styled. 

With respect to the equal -styled plants in the table, Mr. JTor- 
wood raised from purchased seeds four plants, which he re- 
membered were certainly not long-styled, hut either short-or 
equal-styled, probably the latter. These four plants were kept 
separate and allowed to fertilise themselves; from their seed the 
seventeen plants in the table were raised, all of which proved 
equal-styled. The stamens stood low down in the corolla as in 
the long-styled form ; and the stigmas, which were globular and 
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smooth, were either completely surrounded by the anthers, or 
stood close alnjvc them. My son William made drawings for 
me, by the aid of the camera, of the pollen of one of the above 
equal-styled plants ; and, in accordance with the position of the 
stamens, the grains resembled in their small size those of the 
long-stylod form. He also examined pollen from two equal-stvled 
plants at Southampton; and in l>oth of them the grains dif- 
fered extremely in size in the same anthers, a large numl>er 
being small and shrivelled, whilst many were fully as large as 
those of the short-styled form and rat, Inn* more globular. It is 
probable that the large size of these grains was due, not to their 
having assumed the character of the short-styled form, but to 
monstrosity; for Max Wicliura has observed pollen-grains of 
monstrous size in certain hybrids. The vast numlwr of the 
small shrivelled grains in the alnyve two oases explains the fact 
that, though equal-styled plants are generally tortile in a high 
degree, yet some of them yield few seeds. I may add that my 
son compared, in 1875, the grains from two white-flowered 
plants, in loth of which the pistil projected above the anthers, 
but neither were properly long-stylod or equal-styled; and in 
the one in which the stigma projected most, the grains were 
in diameter to those in the other plant, in which the stigma pro- 
jected less, as 100 to 88; whereas the difference between the 
grains from perfectly characterised long-styled and short-styled 
plants is as 100 to 57. So that these two plants were in an 
intermediate condition. To return to the 17 plants in the first 
line of Table 31: from the relative position of their stigmas and 
anthers, they could hardly fail to fertilise themselves; and ac- 
cordingly four of them spontaneously yielded no less than ISO 
capsules; of these Mr. llorwood selected eight fine capsules for 
sowing; and they included on an average 51 ’8 seeds, with a 
maximum of 72. lie gave me thirty other capsules, taken 
by hazard, of which twenty-seven contained good seeds, aver- 
aging 35*5, with a maximum of 70; but if six poor cap- 
sules, each with less than 13 seeds, be excluded, the average 
rises to 42 5. These are higher numl>ers than could l>e ex- 
pected from either well-characterised form if self-fertilised ; and 
this high degree of fertility accords with tlic view that the 
male organs belonged to one form, and the female organs par- 
tially to the other form ; so that a self-union in the case of the 
equal-styled variety is in fact a legitimate union. 

The seed saved from the above seventeen self-fertilised equal- 
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styled plants produced sixteen plants, which all proved equal- 
styled, and resembled their parents in all the al>ove-specificd 
respects. The stamens, however, in one plant were seated higher 
up the tube of the corolla than in the truo long-styled form ; 
in another plant almost all the anthers were contaliescent. These 
sixteen plants were the grandchildren of the four original plants, 
which it is believed were equal-styled ; so that this abnormal 
condition was faithfully transmitted, probably through three, 
and certainly through two generations. The fertility of one of 
these grandchildren was carefully observed: six flowers were 
fertilised with pollen from the same flower, and produced six 
capsules, containing on an average 08 seeds, witli a maximum 
of 82, and a minimum of 40. Thirteen capsules spontaneously 
self-fertilised yielded an average of 53*2 seeds, with the astonish- 
ing maximum in one of 1)7 seeds. In no legitimate union has 
so high an average as 08 seeds heon observed by me, or nearly 
so high a maximum as 82 and 97. These plants, therefore, not 
only have lost their proper hoterostyled structure and peculiar 
functional powers, but have acquired an abnormal grade of fer- 
tility — unless, indeed, their high fertility may l>e accounted for 
by the stigmas receiving pollen from the circumjacent anthers 
at exactly the most favourable period. 

With respect to Mr. Duck’s lot in Table 31, seed was saved 
from a single plant, of which the form was not observed, 
and this produced nine equal -sty 1 (id and twenty long-styled 
plants. The equal-styled resembled in all respects those pre- 
viously described ; and eight of their capsules spontaneously 
self-fertilised contained on an average 44*4 seeds, with a 
maximum of f>l and a minimum of 23. In regard to the 
twenty long-styled plants, the pistil in some of the flowers did 
not project quite so high as in ordinary long-styled flowers; 
and the stigmas, though properly elongated, wore smooth ; so 
that we have here a slight approach in structure to the pistil of 
the short-styled form. Some of these long-styled plants also 
approached the equal-styled in function; for one of them pro- 
duced no less than fifteen simultaneously self-fertilised capsules, 
and of these eight contained, on an average, 31*7 seeds, with 
a maximum of 01. This average would lie rather low for a 
long-styled plant artificially fertilised with its own pollen, but 
is high for one spontaneously self-fertilised. For instance, 
thirty-four capsules produced by the illegitimate grandchildren 
of a long- styled plant, spontaneously self-fertilised, contained 
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on an average only 9*1 seeds, with a maximum of 46. Some 
seeds indiscriminately saved from the foregoing twenty-nine 
equal-styled and long-styled plants produced sixteen seedlings, 
grandchildren of the original plant belonging to Mr. Duck ; and 
these consisted of fourteen equal-styled and two long-styled 
plants ; and I mention this fact as an additional instance of the 
transmission of the equal-styled variety. 

The third lot in the table, namely the Bast on plants, arc the 
last which need be mentioned. The long-and short-styled plants, 
and the fifteen equal-styled plants, were descended from two 
distinct stocks. The latter were derived from a single plant, 
which the gardener is positive was not long-stvled ; hence, pro- 
bably, it. was equal -styled. In all these fifteen plants the authors, 
occupying the same position as in the long-styled form, closely 
surrounded the stigma, which in one instance alone was slightly 
elongated. Notwithstanding this position of the stigma, the 
flowers, as the gardener assured me, did not yield many seeds ; 
and this difference from the foregoing cases may perhaps have 
been caused by the pollen being bad, as in some of the South- 
ampton equal -sty led plants. 


Conclusions with respect to the equal-styled variety of 
P . Sinensis . — That this is a variation, and not a third or 
distinct form, as in the trimorphic genera Ly thrum and 
Oxalis , is (dear ; for we have seen its first appearance 
in one out of a lot of illegitimate long-styled plants ; 
and in the case of Mr. Duck’s seedlings, long-styled 
plants, only slightly deviating from the normal state, 
as well as eqnal-siyled plants were produced from the 
same self-fertilised parent. The position of the sta- 
mens in their proper place low down in the tube of the 
corolla, together with the small size of the pollen- 
grains, show, firstly, that the equal-styled variety is a 
modification of the long-stvled form, and, secondly, that 
the pistil is the part which has varied most, as indeed 
was obvious in many of the plants. This variation is 
of frequent occurrence, and is strongly inherited when 
it has once appeared. It would, however, have pos- 
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sessed little interest if it had consisted of a mere 
change of structure ; hut this is accompanied by modi- 
fied fertility. Its occurrence apparently stands in 
close relation with the illegitimate birth of the parent 
plant ; but to this whole subject I shall hereafter 
recur. 

Prim ( iLA auricula. 

Although I made no exi>eriiiients on the illegitimate offspring 
of this species, I refer to it for two reasons : — First, because 
I have observed two equal -styled plants in which the pistil 
resembled in all respects that of the long-styled form, whilst 
the stamens had become elongated as in the short-styled form, 
so that the stigma was almost surrounded by the anthers. The 
pollen-grains, however, of the elongated stamens resembled in 
their small size those of the shorter stamens proper to the long- 
styled form. Hence these plants have become equal-styled by 
the increased length of the stamens, instead of, as with 7*. 
JHhtnivis, by the diminished length of the pistil. Mr. J. Scott 
observed five other plants in the same state, and he shows * that 
one of them, when self-fertilised, yielded more seed than an 
ordinary long- or short-styled form would have done, when 
similarly fertilised, but. that it was far inferior in fertility to 
either form when legitimately crossed. Hence it appears that 
the male and female organs of this equal -styled variety have 
l>een modified in some special manner, not only in structure, 
but in functional powers. This, moreover, is shown by the 
singular fact that both the long-styled and short-styled plants, 
fertilised with pollen from the equal-styled variety, yield a 
lower average of seed than when these two forms are fertilised 
with their own pollen. 

The second point which deserves notice is that florists always 
throw away the long-styled plants, and save seed exclusively 
from the short-styled form. Nevertheless, as Mr. Scott was 
informed by a man who raises this species extensively in Scot- 
land, al>out one-fourth of the seedlings appear long-styled ; so 
that the short-sty kid form of the Auricula, when fertilised by 
its own pollen, does not reproduce the same form in so large a 
proportion as in the case of P. Sinensis. We may further inter 


1 Journal Proc. Linn. Soc.’ viii. (1864) j>. 91. 
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that the short-styled form is not rendered quite sterile by a 
long course of fertilisation with jwllen of the same form : but as 
there would always be some liability to an occasional cross with 
the other form, we cannot tell how long self-fertilisation has 
been continued. 

Primula farinosa. 

Mr. Scott says * that it is not at all uncommon to find equal- 
styled plants of ibis heterosiyled species. Judging from the 
size of the pollen-grains, these plants owe their structure, as in 
the case of ]\ auricula , -to the abnormal elongation of the 
stamens of the long-styled form. In accordance with this view, 
they yield less seed when crossed with the long-styled form 
than with tin* short-styled. Put they differ in an anomalous 
manner from the equal-styled plants of j P. auricula in being 
extremely sterile with their own pollen. 

Primula elatior. 

Tt was shown in the first chapter, on the authority of 
Herr Preitenbach, that equal-styled flowers are occasionally 
found on this species whilst growing in a state of nature; and 
this is the only instance of such an occurrence known to me, 
with the exception of some wild plants of the Oxlip — a hybrid 
between V. veris and vuhjuris — which were equal-styled. Herr 
Breitcn bach’s case is remarkable in another way; for equal- 
styled flowers were found in two instances on plants which l>ore 
both long-styled and short-styled flowers. In every other 
instance these two forms and the equal-styled variety have been 
produced by distinct plants. 

Primula vulgaris, Brit. FI. 

Yar. acaulis of Liim. and P. acaidis of Jacq. 

Yar. rubra . — Mr. Scott stalest that this variety, which 
grew in the Botanic Garden in Edinburgh, was quite 
sterile when fertilised with pollen from the common 
primrose, as well as from a white variety of the same 

* ‘Journal Proc. Linn. Soc.* viii. (18G4), p. 115. 
t Ibid. p. 98. 
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species, but that some of the plants, when artificially 
fertilised with their own pollen, yielded a moderate 
supply of seed. He was so kind as to send me some 
of these self-fertilised seeds, from which I raised the 
plants immediately to be described. I may premise 
that the results of my experiments on the seedlings, 
made on a large scale, do not accord with those by 
Mr. Scott on the parent-plant.. 

First, in regard to the transmission of form and 
colour. The parent-plant was long-styled, and of a 
rich purple colour. From the self-fertilised seed 23 
plants wen 1 ; raised ; of these 18 were purple of dif- 
ferent shades, with 2 of them a little streaked and 
freckled with yellow, thus showing a tendency to 
reversion ; and 5 were yellow, but gem ‘rally with a 
brighter orange centre than in the wild /lower. All 
the plants were profuse flowerers. All were long- 
styled ; but the pistil varied a good deal in length 
even on the same plant, being rather shorter, or con- 
siderably longer, than in the normal long-styled form ; 
and the stigmas likewise varied in shape. It is, 
therefore, probable that an equal-styled variety of the 
primrose might be found on careful search ; and I 
have received two accounts of plants apparently in this 
condition. The stamens always occupied their proper 
position low down in the corolla; and the pollen- 
grains were of the small size proper to the long-styled 
form, but were mingled with many minute and 
shrivelled grains. The yellow-flowered and the purj de- 
flowered plants of this first generation were fertilised 
under a net with their own pollen, and the seed sepa- 
rately sown. From the former, 22 plants were raised, 
and all were yellow and long-styled. From the latter 
or the purple-flowered plants, 24 long-styled plants 
were raised, of which 17 were purple and 7 yellow. 

Q 
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In tins last case we have an instance of reversion in 
eoVmx, without the possibility of any cross, to the grand- 
\ invents ot more distant progenitors of the plants in 
IjiKstion. Altogether 23 plants in the first, generation 
;J1) ,1 p; i n tin* second generation were raised; and the 
,1 itnlr nt t Unfit* 1>U illegitimate plants were long-styled f 

J'J/ghf purple-flowered and two yellow-flowered plants 
of the first illegitimate generation were fertilised in 
various ways with their own pollen and with that of 
the common primrose; and the seeds were separately 
counted, hut as 1 eon id detect no difference in fertility 
between the purple ami yellow varieties, the results 
are run together in the following table. (See next 
page . } 

If we com | wire the figures in this table with those 
given in the first chapter, showing the normal fertility 
of the common primrose, we shall sec that the illegiti- 
mate purple- and yellow-flowered varieties are very 
sterile. For instance, 72 flowers were fertilised with 
their own pollen and produced only 11 good capsules : 
but by the standard they ought to have produced -IS 
capsules; and each of these ought to have contained 
on an average .»2’2 seeds, instead of onlv ll’o seeds. 
When tin *se plants were illegitimately and legiti- 
mately fertilised with pollen trom the common prim- 
rose, the average numbers were increased, but were far 
from attaining the normal standards. So it was when 
both forms of the common primrose were fertilised 
with pollen from these illegitimate plants; and this 
shows that their male as well as their female organs 
were in a deteriorated condition. The sterility of these 
plants was shown in another way, namely, by their not 
producing any capsules when the access of all insects 
(except such minute ones as Tlirips) was prevented: 
for under these circumstances the common long-styled 
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Table 312. 


Primula ruh/aris. 


Xaituro of TMant txporniioiitril on, 
and kind of Union. 


I’urplo- and yidlow-flowrivd il 1 
timatr Iniii'-s! y It**! plants, ///*•#//- r 
tan tirtiliso.1 with polionf 

from th' 1 satm* plant . , . J 

I'lirph- and \ o||..w -Hnw oivd illoo-j-} 
timato |i»nu-styli*'l plant.s. //'. .//-j 
tbnit'hj t'crtiiisfi with p<.|l»nj> 
tV-'iu thf o-nitnoti I- *:i — t v 1 j 
primrnsf j 

< >r. u tin* t«*n pnop-vj rip-,nh-,.| 

itn-ln liii^ t h m 1 -. |s t I..- 

r. j. . to.|. w .• -jot | 

1’i.rpi*-- .tnl \> li-.w -tli.wof.-l i 1 1 • ■ i - \ 
tiin.it*' lon^-t \ h*.| plant-., /»■.//-] 
tuixtti /'/ 1 •• 1 1 1 !: - I with pull. 11 V 
tp'in th** <-..nmi. >n 'hoft-st \ li*.l | 
pntiir.<s«- j 

< >r, it' tli.- two p. .. . i*o * t oap^u!i-,j 

irn In Im los , than l‘» soo.h, I..- ■ 
i-. j.-. I <■■ I, W o -_ r > ■ t I 

Til*- loiii'-styloil lorm <■! tiioo«iini!i<»n^ 
primri'.so. ///• »/./»;« #/•■/'/ fort iiiso-1 1 
w ith pollon tV'iin tho |..ii '-'t \ lo.| J.. 

iliooitmiato purpl**- and yellow- 1 
tlnwoi'i-. | plants J 

< >r. i x" t h<* tun*" ptmro-t mpsu]o«.| 

Im- 1*0 j. -otoil. Wo *;»■! . . . ./ 

Tho short-.* ty I oil J'l.nn of t hormninoir 
j.ri in i*i iso, ti mnft /»/ tortilisod 

with p-.lh n iV-.in t ho hiu'^-styh-d ► 
illooit i mat o purpl.- and ytdlow- 
tiow-ro i plant *. , 


•c *7 

■ w_ - 

j t X t L 

j '?.% | £ f 
**• C 

is? * a; 1 * 

1 y. 7 6 * 4 - T ! * i ? 
lij |;i 
! 5 . " « ’ ~ ’ \ 

7 li 11 

\ ' i 

“ 1 5 

7 J 

i 

t;j j ;s 

1 

72 2<j 

i 

■i (i ! i* 

! 

\< 

1 

i 

;;«;*. 1 « ;• » ! u 

if. it, : 

i 

•I.--. '■> i <1 

•j'» 11 

l.vt 4 r, i 

l 

20 I I 

1 

«*-'j : 40 a 

i i 

io ! c, ; 

i i 

i ; 

:;o - r> ; <;i •; 

i I 


primrose produces a considerable number of capsules. 
There can. therefore, be no doubt that the fertility of 
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these plants was greatly impaired. The loss is not 
correlated with the colour of the flower; and it was to 
ascertain this point that I made so many experiments. 
As the parent-plant, growing in Edinburgh was found 
by 31r. Seott to 1><* in ji high decree sterile, it may 
have transmitted it similar tendency to its offspring, 
independently «»f their illegitimate birth. I am, how- 
ever. inclined to attribute some weight to the illegiti- 
macy of their descent, both from tin* analogy of other 
cases, and more especially from the fact that, when the 
plants were h tjlf lmuli lij fertilised with pollen of the 
common primrose they yielded an average, as may be 
seen in the table, of only h mure seeds than when 
iUrtjiti mutt'hj fertilised with the same pollen. Now we 
know that it is eminently characteristic of the illegiti- 
mate offspring of Primula Slumsls that they yield but 
few more seeds when legitimately fertilised than when 
fertilised with their own-form pollen. 

rnnm.A virus, Frit. FI. 

Yar. ulfli'i nails of Linn., P . oflici nulls of ducq. 

Seeds from the short-styled form of tin* cowslip 
fertilised with pollen from tin* same form •Terminate 
so badly that I raised from three successive sowings 
only fourteen plants, which consisted of nine short- 
styled and live long-styled plants. Jleiire the short- 
styled form of tin* cowslip, wln*n self-fertilised, does not 
transmit the same form nearly so Truly as does tliut 
of P. Sm< usls. Fr«»m the long-styled form, always 
fertilised with its own-form pollen, I raised in the 
tirst generation three long-styled plants. — from their 
seed od lonir-styled grandchildren.' — from their seed 
4 long-styled great-grandchildren, — from their seed 
20 long-style l great-great-grandchildren,' — and lastly, 
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from their seed 8 long-styled and 2 short-styled great- 
grmt-groat-grandehildren. In t his Inst generation 
short-styled plants appeared for tin* lirst time in the 
course of the 1 six pout ‘rations,— tin 1 pa rout long-st vied 
plant which was fertilised with jh >1 lt‘ii from anotlior 
plant of the same form being counted as tin* lirst 
generation. Tlioir ap)»oaranoo may be attributed to 
atavism. From two other long-styled plants, fertilised 
with tlioir own-form pollen, 72 plants were raised, 
wliieh consisted of OS long-sty led and I sliort-st vied. 
So that altogether Jb*2 plants were raised from ille- 
gitimately fertilised long-styled cowslips, and these 
consisted of loti long-styled and ti short-styled plants. 

We will now turn to the fertility and powers of 
growth possessed hv the illegitimate plants. From 
a short-styled plant, fertifised with its own-form 
pollen, one short-styled and two lung-styled plants, 
and from a long-styled plant similarly fertilised three 
long-styled plants were at lirst raised. The fertility 
of these six illegitimate plants was carefully observed : 

hut 1 must premise that I cannot give any satisfactory 
standard of comparison as far as the number of the 
seeds is concerned; for though I counted the seeds 
of many legitimate plants fertilised legitimately and 
illegitimately, the number varied so greatly during 
successive seasons that no one standard will serve well 
for illegitimate unions made during different, seasons. 
^Moreover the seeds in the same capsule frequently 
differ so much in size that it, is scarcely possible, 
to decide which ought, to be counted as good seed. 
There remains as the best, standard of comparison the 
proportional number of fertilised flowers which pro- 
duce capsules containing any seed. 

First, for the one* illegitimate short-styled plant. 
In the course of three seasons 27 flowers were illcgiti- 
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mat.elv fertilised with pollen from the sumo plant, and 
thoy yielded only a single capsule, which, however, con- 
tained a rather large numher of seeds tor a union of 
this nature, namely, 2d. As a standard of comparison 
I may state that during tin* same three seasons 44 
ilowers home hv legitimate short-styled plants were 
soil-fertilised, and yielded 2d capsules; so that the 
fact of the 27 flowers on the illegitimate plant having 
pn m lured only one capsule proves how sterile it was. 
To show that the conditions of life were favourable, 

1 will add that numerous plants of this and other 
species of Primula all produced an abundance of 
capsules whilst glowing close by in the same soil with 
the present and following plants. The sterility of the 
above illegitimate short-styled plant depended on 
both the male and female organs being in a deterio- 
rated condition. This was manifestly the case with 
tin* pollen ; for many of the anthers were shrivelled 
or contabescent. Nevertheless some of 1 lie anthers 
contained pollen, with which I succeeded in fertilising 
some ilowers on the illegitimate long-styled plants 
immediately to be described. Four flowers on this 
same short-st\led plant were likew ise liftitiwthhj fer- 
tilised with pollen from one of the following long- 
styled plants; but only one capsule was produced, 
containing 2G seeds : and this is a very low number 
for a legitimate union. 

With respect to the live illegitimate long-styled 
plants of the tirst generation, derived from the above 
self- fertilised short-styled and long-stvled parents, 
their fertility was observed during tin* same three 
years. These live plants, when self- fertilised, differed 
considerably from one another in their degree of 
fertility, as was tin* case with the illegitimate long- 
styled plants of Lijtlirum ml lair in ; and their fertility 
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varied much according to tin 1 season. 1 may premise, 
as a standard oi‘ comparison, that during the sane* 
years oti flowers on legitimate long-styled plants ot 
tin* same age and grown in the same soil, were fer- 
tilised with their own pollen, and yielded 27 capsules; 
that is, -IS percent. On out* of the live illegitimate 
long-styled plants .‘>0 flowers were self-fertilised in 
the course of the three years, hut they did not produce 
a single capsule. 31 any of the anthers on this plant 
were contabeseent ; hut some seemed to contain 
sound pollen. Nor were the female organs <|iiite 
impotent ; lor I obtained from a hyitimate cross one 
capsule with good seed. On a second illegitimate 
Ion "-sty led plant 11 flowers were fertilised during tin* 
same years with their own pollen, hut they produced 
only a single capsule. The third and foiirlli plants 
were in a very slight degree mure productive. '(’In* 
tilth and last plant was decidedly more fertile; Ibr 
•12 self-fertilised flowers yielded II capsules. Alto- 
gether, in tin* course of tin* three years, no less than 
J 00 flowers on these live illegitimate I on "-sty led 
plants were fertilised with their own pollen, hut they 
yielded only 22 capsules. According to the, standard 
above given, they ought. to have yielded SO capsules. 
These 22 capsules contained on an average Ifrl seeds 
i believe, subject to the dolihts before speeilieil, that 
with legitimate plants tin* average number from a 
union of this nature would have been above 20 seeds. 
Twenty-four flowers on these same live illegitimate 
long-styled plants were legitimately fertilised with 
pollen from tin* above-described illegitimate short- 
styled plant, and produced only 0 capsules, which is 
an extremely small number lor a legitimate union. 
These 0 capsules, however, contained an average of .‘>8 
apparently good seeds, which is as large a number as 
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legitimate plants sometimes yield. ]>ut tliis high aver- 
age was almost certainly false : and I mention the case 
for the sake of showing the difliculty of arriving at a 
fair result.; for this average mainly depended on two 
capsules containing the extraordinary numbers of 75 
and 5<i seeds ; these seeds, however, though I lelt 
hound to count them, were so poor that, judging irom 
trials made in other eases, I do not suppose that one 
would have germinated; and therefore they ought not 
to have been included. Lastly, 20 tlowers were legiti- 
mately fertilised w it h pollen from a legitimate plant, 
and this increased their fertility; for they produced 
]0 capsules. Yet this is but a very small proportion 
for a legitimate union. 

There can, therefore, be no doubt that these live 
long-styled plants and the one short-styled plant of 
the lirst illegitimate generation were extremely sterile. 
Their sterility was shown, as in the case of hybrids, 
in another way, namely, by their ilowering profusely, 
and especially by the long endurance of the Mowers. 
For instance, l fertilised many tlowers on these plants, 
and lift een days afterwards (\i/.. on March 22nd ) 1 
fertilised numerous long-styled and short-styled Mowers 
on common cowslips growing close l»y. These latter 
Mowers, on April Sth, were withered, whilst most of tin* 
illegitimate tlowers remained quite fresh lor several 
days subsequently ; so that some of these illegitimate 
plants, after being fertilised, remained in full bloom 
for above a month. 

\Ye will now turn to the fertility of the nil illegiti- 
mate long-styled grandchildren, descended from the 
long-styled plant which was first fertilised with its 
own pollen. The pollen in two of these plants included 
a multitude of small and shrivelled grains. Never- 
theless they were not very sterile ; for 25 Mowers, for- 
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tilised with their own pollen, produced lo capsules, 
containing an averape of 1(5 •;» seeds. As already 
stated, the probable average with legitimate plants 
for a union of this naturo is rather above seeds. 
These plants were remarkably healthy ami vigorous, 
as Imip as they were ke pt under highly favourable 
conditions in pots in the preen house ; and sueh treat- 
ment greatly increases tin* fertility of the cowslip. 
'When these same plants were planted during the next, 
year (which, however, was an unfavourable one), out. 
of doors in pood soil, UO self-fertilised llowers pro- 
duced only o capsules, containing extremely tew and 
wretched seeds. 

Four bmp-styled preat-praiidehildivu acre raised 
fr< )in the self-fertilised prandehildrm, and were k « ‘| it 
under the same highly fa\ourable conditions in the 
greenhouse; 10 of their llowers were fertilised with 
own-form pollen and \ ielded the larpe proportion of (5 
capsules, containing on an average 1 S • T seeds, From 
these 1 seeds ‘JO lot iir-st vied proat-proat-praiidehildron 
were raised, w hieli were likew i<se kept in t he preen house. 
Thirty of tlu ir llowers were fertilised with their own 
|h dleti and yielded 17 capsule*, containing on an aver- 
age no less than mostly line seeds. It appears, 
therefore, that the fertility of these plants of the fourth 
illegitimate generation, as bmp as they were, kept 
under highly favourable conditions, had not decreased, 
but laid rather increased. The result, however, was 
widely different when they were planted out of doors 
in pood soil, where other cowslips prew viporously and 
were completely fertile ; for these illepitimate plants 
now became much dwarfed in stature and extremely 
sterile, notuitlistundinp that they were exposed to the 
visits of insects, and must have been legitimately fer- 
tilised by the surrounding legitimate plants. A whole 
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row of these ] limits nf tlx* fourth illegitimate p*nora- 
tion, thus freely exposed and legitimately fertilised, 
produced only 3 capsules, containin': on an average 
only J7 seeds. ] )n ri nir tlx* cnsuinir winter almost all 
these plants died. and tlx* few survivors wore miserably 
unhealthy, whilst tlx* surrounding legitimate plants 
were not in tlx* hast injured. 

The seeds from tlx* pvnt-jrreat-jrrundchildren wore 
sown, and S hm^-styled and 2 short-styled plants of 
the tilth illegitimate generation raised. These whilst 
still in the (rjvcnhouse produced smaller leaves and 
shorter flower-stalks than some legitimate plants with 
which they pvw in competition ; hut it should he ob- 
served that tlx* latter wen* the product of a cross with 
a fresh stock,-- a circumstance w hich by itself would 
have added much to their vigour/ When these ille- 
gitimate plants were transferred to fairly p>od soil 
out of doors, they became during the two following 
years much more dwarfed in stature and produced very 
lew flower-stems: and although they must have been 
legitimately fertilised by insects, they yielded cap- 
sules, compared with those produced by tlx* surround- 
ing legitimate plants, in the ratio only of f> to 100 ! 
It is therefore certain that illegitimate fertilisation, 
continued during successive generations, a fleets the 
powt*rs of growth and fertility of P. veris to an extra- 
ordinary decree; moiv especially w lx*u tlx* plants are 
exposed to ordinary conditions of life, instead of bein^ 
protected in a greenhouse. 

E fwtf-'ifyt* / />'/ m iffff or /’. — Mr. Scott lias described + 

a plant of this kind »\vinp in the botanic Garden of Edin- 
burgh. 11c states that it was highly .-elf-fertile. although insects 

* For full detail.- of this ox- + ‘ l’r«»c. Linn. Soc.’ vul. viii. 
IHTinieiit. sre my * Etf'ccts of IWs (ISG4 ). p. 1G0. 
and Self-fctt ilistt t ion ,* 1 S7t». ]». -‘JU. 
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wore excluded ; a ml he explains this fact by showing, first, that, 
the anthers ami stigma are in elose apposition, ami that the 
stamens in length, position ami size of their pol leu-brains 
resemble those of the short-styled form, whilst the pistil re- 
sembles that of tin* long-styled form both in length ami in tin* 
structure of the stigma. Hence the sell-union of this variety is, 
in fact, a legitimate union, ami consequently is highly fertile. 
Mr. Scott further states that this variety yielded very few seeds 
when fertilised hy either the loim- or short-styled common 
cowslip, and, again, that both forms of the latter, when fertilised 
l\v the equal-styled variety, likewise produced very few seeds. 
But his experiments with tin* cowslip were few, and my results 
do not confirm his in any uniform manner. 

I raised twenty plants from self-fertilised seed sent me hyMr. 
Scott; and they all produced red flowers, varying slightly in 
tint. Of these, two were strictly long-styled both in structure 
ami iu function; for their reproductive powers were tested hy 
crosses with hotli forms of the common cowslip. Six plants 
were equal-styled; hut on the same plant the pistil varied a 
pood deal in length dliri me different seasons. This was likewise 
the case, accord i up h> Mr. Scott, with the parent-plant. Lastly, 
twelve plants were in appearanee short-styled; hut they varied 
much more iu the length of their pistils than ordinary short- 
styled cowslips, ami they differed widely from the. latter in 
their powers of reprodnet ion. Their pistils had heroine short- 
styled in structure, whilst remaining long styled in function. 
Short-styled cowslips, when inserts are excluded, are extremely 
barren; for iiistanre, on one occasion six tine plants produced 
only* about b() seeds (that is, less than the product of two pood 
capsules), and on allot her occasion not a single capsule. Mow’, 
when the nbive twelve apparently short-styled seedlings were, 
similarly treated, nearly all produced a preat abundance of 
capsules, coiitaiiiinp iiuiucroiis seed", which germinated re- 
markably well. Moreover three of these plants, which during 
the first year w* re furnished with quite short pistils, on the 
following y*a r produced pistils of extraordinary length. Tim 
preate r number, therefore, of t he>e short-styled plants could not 
l** distinguished in function from the equal-styled variety. The 
anthers in the six equal-styled and in the apparently twelve 
short-styled plant" were seated high up in the corolla, as in the 
true short-styled cowslip; and the pollen-brains resembled 
those of the same form iu their large size, hut were mingled 
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with a few shrivelled grains. In function this pollen was 
identical with that of the sin »rt -sty led cowslip; for ten long- 
styled flowers of the. common cowslip, legitimately fertilised 
with fmllcn from a true ofpiul-styled variety, produced six cap- 
sules, containing on an average 31 seeds; whilst seven cap- 
sules on a short-styled cowslip illegitimately fertilised with 
pollen from the equal-styled variety, yielded an average of only 
14*5 seeds. 

As the erpial-styled plants differ from one another in their 
powers of reproduction, and as this is an impu-tant subject, 

I will give a few details with respect to five of them. First, an 
(npial-styled plant, protected from inserts (as was done in all 
the following cases, with one stated exception), spontaneously 
prod reed numerous capsules, five of which gave an average of 
4I*S seeds, with a maximum in one capsule of f»7. Put six 
capsules, the product of fertilisation with pollen from a short- 
styled cowslip (and this is a legitimate union), gave an average 
of US-O seeds, with a maximum of 111; and this is a much lower 
average than might have liecii expected. Secondly, nine ca]H 
sules from another c<jual-styled plant, which had not lieen. 
protected from inserts, but probably was self-fertilised, gave an 
average of 1;V*J seeds, with a maximum of f>S. Thirdly, another 
plant which had a very short pistil in lNbn, produced spon- 
taneously many capsules, six of which contained an average of 
HIM) seeds, with a maximum of MS. In lSflfl this same plant 
had a pistil of wonderful length; for it projected <piite above 
the anthers, and tin* stigma resembled that of the long-styled 
form. In this condition it produced spontaneously a vast 
uuhiIkt t»f tine capsules, six of which contained almost exactly 
the same average iuuhIht as Ik fore, viz. MIM, with a maximum 
of MS. Four flower* «»n this plant, legitimately fertilised with 
|x>llt‘ii from a short-styled cowslip, yielded capsules with an 
average of M0*2 seeds. Fourthly aiiotlu-r short-styled plant 
Spmtaneously produced in 1 m».“» an abundance of capsules, ten 
of which contained an average of M.V(» seeds, with a maximum 
off)!. In 1 St »ii this same plant hud Income in all respects long- 
styled. and ten capsules gave almost exactly the same avenige 
as lieforc, viz. Mo 1 seeds, with a maximum of 47. Eight 
flowers on this plant, legitimately fertilised with pollen from 
a short -sty led cowslip, produced six capsules, with the high 
average of f>M seeds, and the high maximum of f>7. Eight 
flowers were also fertilised with pollen from a long-styled cow- 
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slip (this l>cing an illegitimate union), anti produced seven 
capsules, containing an average of ‘J4 * l seeds, with a maximum 
of 82. The fifth and last plant remained in the same condition 
during ln>th years: it had a pistil rather longer than that of the 
true short-styled form, with the stigma smooth, as it ought to 
he in this form, hut abnormal in shape, like a linich-clonguted 
inverted cone. It produced spontaneously many capsules, live 
of which, in gave an average of only 1;V(» seeds; and in 

I Sit I j ten capsules still gave an average only a little higher, viz. 
of 221, with a maximum of 80. Sixteen flowers were fertilised 
with ]K>llen from a long-styled cowslip, and produced 12 cap- 
sules, with an average of 21 'U seeds, and a maximum of 12. 
Eight flowers were fertilised with pollen from a short-styled 
cowslip, hut yielded only two capsules, containing IS and 28 
Keeds. Hence this plant, in function and partially in structure, 
was in an almost exactly intermediate state 1x4 wren tin* long- 
styled and short-styled form, I »nt inclining touards the short- 
styled ; and this accounts for the low average of seeds which it 
produced when spontaneous!) sell- fertilised. 

The foregoing five plants thus differ lunch from one another in 
the nature of their fertility. In two individuals a great difference 
in the length of the pistil during two succeeding years made no 
difference in the mimher of seeds produced. As all five plants 
posM'ssed the male organs of the shnrt-st \ led form in a perfect 
state, and the female organs of the long-styled form in a more 
or le*vs complete state, they spontaneously produced a surprising 
number of capsules, which generally contained a large average 
of remarkably line seeds. With ordinary cowslips, Iri/Hunufvlif 
fvrfilitmf , I once obtained from plants cultivated in the green- 
house the high average, from se ven capsules, of f>K*7 seeds, with 
a maximum in one capsule of K7 seeds; but from plants grown 
out of doors I never obtained a higher average than 41 seeds. 
Now two of the eipiul-stylcd plants, grown out of doors and 
siMJiitaneoiisly *•//■/* gave averages of 44 and 45 seeds; 
but this high fertility may jxjrhaps l>c. in part attributed to the 
stigma receiving j»oilen from the surrounding anthers at. exactly 
the right | period. Two of these, plants, fertilised with pollen 
from a short-styled cowslip (and this in fact is a legitimate 
union), gave a lower average than when self-fertilised. On the 
other hand, another plant, when similarly fertilised hv a cowslip, 
yielded the unusually high average of 08 seeds, with a maximum 
of 07. J-a>tly f as we have just seen, one of these plants was in 
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an almost exactly intermediate condition in its female organs 
between the long- and short-styled forms, and consequently, 
when self-fertilised, yielded a low average of seed. If we add 
together all the experiments which I made on the equal-styled 
plants, 41 spontaneously self-fertilised capsules (insects having 
been excluded) gave an average of 34 seeds, which is exactly the 
same number as the parent-plant yielded in Edinbnrgh. Thirty- 
four flowers, fertilised with pollen from the short-styled cowslip 
(and this is an analogous union), produced 17 capsules, contain- 
ing an average of 33*8 seeds. It is a rather singular circum- 
stance, for which I cannot account, that 20 flowers, artificially fer- 
tilised on one occasion with pollen from the same plants yielded 
only ten capsules, containing the low average of 26*7 seeds. 

As bearing on inheritance, it may be added that 72 seed- 
lings were raised from one of the red-flowered, strictly equal- 
fltyled, self-fertilised plants descended from the similarly cha- 
racterised Edinburgh plant. These 72 plants were there- 
fore grandchildren of the Edinburgh plant, and they all bore, 
as in the first generation, red flowers, with the exception of 
one plant, wliich reverted in colour to the common cowslip. 
In regard to structure, nine plants were truly long-styled 
and had their stamens seated low down in the corolla in the 
proper position; the remaining 63 plants were equal-styled, 
though the stigma in about a dozen of them stood a little below 
the anthers. We thus see that the anomalous combination in the 
same flower, of the male and female sexual organs which properly 
exist in the two distinct forms, was inherited with much force. 
Thirty-six seedlings were also raised from long arid short-styled 
common cowslips, crossed with pollen from the equal-styled 
variety. Of these plants one alone was equal-styled, 20 were 
short-styled, but with the pistil in three of them rather too 
long, and the remaining 15 were long-styled. In this case we 
have an illustration of the difference between simple inheritance 
and prepotency of transmission ; for the equal-styled variety, 
when self-fertilised, transmits its character, as we have just 
seen, with much force, but when crossed with the common 
cowslip cannot withstand the greater power of transmission 
of the latter. 


PtfLMONABIA. 

I have little to say on this genus. I obtained seeds of P. offi- 
cinalis from a garden where the long-styled form alone grew. 
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and raised 11 seedlings, which wore all long-styled. These 
plants were named for me by Dr. Hooker. They differed, as has 
been shown, from the plants belonging to this species which in 
Germany were experimented on by Hildebrand;* for he found that 
the long-styled form was absolutely sterile with its own pollen, 
whilst my long-styled seedlings and the parent-plants yielded a 
fair supply of seed when self-fertilised. Hants of the long- 
styled form of Ptdmonarxa anyustifoHa wore, like Hildebrand's 
plants, absolutely sterile with their own pollen, so that I could 
never procure a single seed. On the other hand, the short- 
styled plants of this species, differently from those of P. offi- 
cinalis, were fertile with their own pollen in a quite remarkable 
degree for a heterostyled plant. From seeds carefully self-fer- 
tilised I raised 18 plants, of which 13 proved short-styled and 
5 long-styled. ' 

Polygonum fagopybum. 

From flowers on long-styled plants fertilised illegitimately 
with pollen from the same plant, 49 seedlings were raised, and 
these consisted of 45 long-styled and 4 short-styled. From 
flowers on short-styled plants illegitimately fertilised with pollen 
from the same plant 33 seedlings were raised, and these con- 
sisted of 20 short-styled and 13 long-styled. So that the usual 
rule of illegitimately fertilised long-styled plants tending much 
more strongly than short-styled plants to reproduce their own 
form here holds good. The illegitimate plants derived from 
both forms flowered later than the legitimate, and were to the 
latter in height as 69 to 100. But as these illegitimate plants 
were descended from parents fertilised with their own pollen, 
whilst the legitimate plants were descended from parents crossed 
with pollen from a distinct individual, it is impossible to know 
how much of their difference in height and period of flowering, 
is due to the illegitimate birth of the one set, and how much 
to the other set being the product of a cross between distinct 
plants. 

Concluding Remarks on the Illegitimate Offspring of 
Heterostyl&i Trimorphie and Dimorphic Plants . 

It is remarkable how closely and in how many points 
illegitimate unions between the two or three forms of the 


* * Bet. Zeitung,’ 1865, p. 18. 
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g&me heterostyled species, together with their illegiti* 
mate offspring, resemble hybrid unions between distinct 
species together with their hybrid offspring. In both 
cases we meet with every degree of sterility, from very 
slightly lessened fertility to absolute barrenness, when 
not even a single seed-capsule is produced. In both 
cases the facility of effecting the first union is much 
influenced by the conditions to which the plants are 
exposed.* Both with hybrids and illegitimate plants 
the innate degree of sterility is highly variable in 
plants raised from the same mother-plant. In both 
cases the male organs are more plainly affected than 
the female ; and we often find contabescent anthers 
enclosing shrivelled and utterly powerless pollen- 
grains. The more sterile hybrids, as Max Wichura 
has well shown, f are sometimes much dwarfed in 
stature, and have so weak a constitution that they are 
liable to premature death ; and we have seen exactly 
parallel cases with the illegitimate seedlings of Lythrum 
and Primula. Many hybrids are the most persistent 
and profuse flowerers, as are some illegitimate plants. 
When a hybrid is crossed by either pure parent-form, 
it is notoriously much more fertile than when crossed 
inter se or by another hybrid ; so when an illegitimate 
plant is fertilised by a legitimate plant, it is more 
fertile than when fertilised inter se or by another ille- 
gitimate plant. When two species are crossed and 
they produce numerous seeds, we expect as a general 
rule that their hybrid offspring will be moderately 
fertile ; but if the parent species produce extremely 
few seeds, we expect that the hybrids will be very 

* Tills has been remarked by chapter a striking illustration in 
many experimentalists in effecting the case of Primula verb. 
crosses between distinct species; f ‘Die Bastardbefruchtung im 
and in regard to illegitimate Pflanzenreich,* 1865. 
unions I have given in the first 
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sterile. But there are marked exceptions, as shown 
by Gartner, to these rules. So it is with illegitimate 
unions and illegitimate offspring. Thus the mid* 
styled form of Lythrum salicaria, when illegitimately 
fertilised with pollen from the longest stamens of 
the short-styled form, produced an unusual number 
of seeds ; and their illegitimate offspring were not at 
all, or hardly at all, sterile. On the other hand, the 
illegitimate offspring from the long-styled form, ferti- 
lised with pollen from the shortest stamens of the same 
form, yielded few seeds, and the illegitimate offspring 
thus produced were very sterile ; but they were more 
sterile than might have been expected relatively to the 
difficulty of effecting the union of the parent sexual 
elements. No point is more remarkable in regard to 
the crossing of species than their unequal reciprocity. 
Thus species A will fertilise B with the greatest ease ; 
but B will not fertilise A after hundreds of trials. We 
have exactly the same case with illegitimate unions ; 
for the mid-styled Lythrum salicaria was easily ferti- 
lised by pollen from the longest stamens of the short- 
styled form, and yielded many seeds ; but the latter 
form did not yield a single seed when fertilised by the 
longest stamens of the mid-styled form. 

Another important point is prepotency. Gartner 
has shown that when a species is fertilised with pollen 
from another species, if it be afterwards fertilised with 
its own pollen, or with that of the same species, this 
is so prepotent over the foreign pollen that the effect 
of the latter, though placed on the stigma some time 
previously, is entirely destroyed. Exactly the same 
thing occurs with the two forms of a heterostyled 
species. Thus several long-styled flowers of Primula 
veris were fertilised illegitimately with pollen from 
another plant of the same form, and twenty-four hours 

B 
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Afterwards legitimately with pollen from a short-styled 
dark-red polyanthus which is a variety of P. verii ; 
and the result was that every one of the thirty seed- 
lings thus raised bore flowers more or less red, show-* 
ing plainly how prepotent the legitimate pollen from 
a short-styled plant was over the illegitimate pollen 
from a long-styled plant. 

In all the several foregoing points the parallelism is 
wonderfully close between the effects of illegitimate 
and hybrid fertilisation. It is hardly an exaggeration 
to assert that seedlings from an illegitimately fer- 
tilised heterostyled plant are hybrids formed within 
the limits of one and the same species. This conclu- 
sion is important, for we thus learn that the difficulty 
in sexually uniting two organic forms and the sterility 
of their offspring, afford no sure criterion of so-called 
specific distinctness. If any one were to cross two 
varieties of the same form of Lythrum or Primula for 
the sake of ascertaining whether they were specifically 
distinct, and he found that they could be united only 
with some difficulty, that their offspring were extremely 
sterile, and that the parents and their offspring re- 
sembled in a whole series of relations crossed species 
and their hybrid offspring, he might maintain that his 
varieties had been proved to be good and true species ; 
but he would be completely deceived. In the second 
place, as the forms of the same trimorphic or dimorphic 
heterostyled species are obviously identical in general 
structure, with the exception of the reproductive 
organs, and as they are identical in general constitu- 
tion (for they live under precisely the same condi- 
tions), the sterility of their illegitimate unions and 
that of their illegitimate offspring, must depend ex- 
clusively on the nature of the sexual elements and 
on their incompatibility for uniting in a particular 
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maimer. And as we have just seen that distinct species 
when crossed resemble in a whole series of relations the 
forms of the same species when illegitimately united, 
we are led to conclude that the sterility of the former 
must likewise depend exclusively on the incompatible 
nature of their sexual elements, and not on any general 
difference in constitution or structure. We are, indeed, 
led to this same conclusion by the impossibility of de- 
tecting any differences sufficient to account for certain 
species crossing with the greatest ease, whilst other 
closely allied species cannot be crossed, or can be crossed 
only with extreme difficulty. We are led to this con- 
clusion still more forcibly by considering the great 
difference which often exists in the facility of crossing 
reciprocally the same two species ; for it is manifest in 
this case that the result must depend on the nature of 
the sexual elements, the male element of the one 
species acting freely on the female element of the 
other, but not so in a reversed direction. And now we 
see that this same conclusion is independently and 
strongly fortified by the consideration of the illegiti- 
mate unions of trimorpliic and dimorphic heterostyled 
plants. In so complex and obscure a subject as hybrid- 
ism it is no slight gain to arrive at a definite conclu- 
sion, namely, that we must look exclusively to func- 
tional differences in the sexual elements, as the cause 
of the sterility of species when first crossed and of 
their hybrid offspring. It was this consideration which 
led me to make the many observations recorded in this 
chapter, and which in my opinion make them worthy 
of publication. 
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CHAPTER YI. 

Ooholtjdikg Remarks ok Heterostylkd Plahts, 

The essential character of heterostyled plants — Summary of the 
differences in fertility between legitimately and illegitimately fer- 
tilised plants— -Diameter of the pollen-grains, size of anthers and 
structure of stigma in the different forms— Affinities of the genera 
which include heterostyled species — Nature of the advantages 
derived from heterostylism — The means by which plants became 
heterostyled — Transmission of form— Equal-styled varieties of 
heterostyled plants — Final remarks. 

In the foregoing chapters all the heterostyled plants 
known to me have been more or less fully described. 
Several other cases have been indicated, especially by 
Professor Asa Gray and Kuhn,* in which the indi- 
viduals of the same species differ in the length of 
their stamens and pistils ; but as I have been often de- 
ceived by this character taken alone, it seems to me 
the more prudent course not to rank any species as 
heterostyled, unless we have evidence of more impor- 
tant differences between the forms, as in the diameter 
of the pollen-grains, or in the structure of the stigma. 
The individuals of many ordinary hermaphrodite plants 
habitually fertilise one another, owing to their male 
and female organs being mature at different periods, 
or to the structure of the parts, or to self-sterility, &c.; 
and so it is with many hermaphrodite animals, for 
instance, land-snails or earth-worms ; but in all these 
cases any one individual can fully fertilise or be ferti- 

* Asa Gray, 4 American Joura. elsewhere as already referred to. 
of ficienoe,' 1865, p. 101 ; and Kuhn, 4 Bot ZeitungV 1867, p. 67. 
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lised by any other individual of the same species. This 
is not so with heterostyled plants : a long-styled, mid- 
styled or short-styled plant cannot folly fertilise or 
be fertilised by any other individual, but only by 
one belonging to another form. Thus the essen- 
tial character of plants belonging to the heterostyled 
class is that the individuals are divided into two or 
three bodies, like the males and females of dioecious 
plants or of the higher animals, which exist in approxi- 
mately equal numbers and are adapted for reciprocal 
fertilisation. The existence, therefore, of two or three 
bodies of individuals, differing from one another in the 
above more important characteristics, offers by itself 
good evidence that the species is heterostyled. But 
absolutely conclusive evidence can be derived only 
from experiments, and by finding that pollen must be 
applied from the one form to the other in order to 
ensure complete fertility. 

In order to show how much more fertile each form 
is when legitimately fertilised with pollen from the 
other form (or in the case of trimorphie species, with 
the proper pollen from one of the two other forms) 
than when illegitimately fertilised with its own-form 
pollen, I will append a Table (33) giving a summary 
of the results in all the cases hitherto ascertained. 
The fertility of the unions may be judged by two 
standards, namely, by the proportion of flowers which, 
when fertilised in the two methods, yield capsules, and 
by the average number of seeds per capsule. When 
there is a dash in the left-hand column opposite to 
the name of the species, the proportion of the flowers 
which yielded capsules was not recorded. 

The two or three forms of the same heterostyled 
species do not differ from one another in general habit 
or foliage, as sometimes, though rarely, happens with 
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Tablb 88. 


Fertility of the Legitimate Unions taken together, compared with 
that of the Illegitimate Unions together. The fertility of the 
Legitimate Unions, as judged by both standards, is taken as 100. 



Illegitimate Unions. 

Name of Species. 

Proportional 
Number of 

Average 

Flowers 

Number of 


which pro- 
duced 

Seeds per 
Capsule. 


Capsules. 

Primula veris 

69 

65 

P. elatior 

27 

75 

P. vulgaris 

60 

54 

P. Sinensis 

84 

63 

P. Sinensis (second trial) 

0 

53 

P. Sinensis (Hildebrand) 

100 

42 

P. auricula (Scott) 

80 

15 

P. Sikkimensis 

95 

31 

P. cortusoides 

74 

66 

P. involucrata 

72 

48 

P. farinosa ,, 

71 

44 

Average of the nine species of Primula . 
Hottonia palustris (H. M tiller) 

88-4 

69 

— 

61 

Linum grandiflorum (the difference probably 1 
is much greater) / 

— 

| 69 

L. pcrenne * . 

— 

20 

L. perenne (Hildebrand) ...... 

0 

0 

Pulmonaria officinalis (German stock, Hilde-\ 

brand) j 

Pulmonaria angustifolia ...... 

0 

0 

85 . 

32 

Mitchella repens 

20 

47 

Borreria, Brazilian sp. ...... 

— 

0 

Polygonum fagopyrum . 

— 

46 

Lvthrum salicaria 

33 

46 

Oxalis Valdiviana (Hildebrand) 

2 

34 

0. Regnelli n 

0 

0 

0. speciosa 

15 

49 


the two sexes of dioecious plants. Nor does the calyx 
differ, but the corolla sometimes differs slightly in shape, 
owing to the different position of the anthers. In Bor* 
reria the hairs within the tube of the corolla are differ- 
ently situated in the long-styled and short-styled forms. 
In Pulmonaria there is a slight difference in the Bize of 
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the corolla, and in Fontederia in its colour. In the re- 
productive organs the differences are much greater and 
more important. In the one form the stamens may he 
all of the same length, and in the other graduated in 
length, or alternately longer and shorter. The fila- 
ments may differ in colour and thickness, and are 
sometimes nearly thrice as long in the one form as in the 
other. They adhere also for very different proportional 
lengths to the corolla. The anthers sometimes differ 
much in size in the two forms. Owing to the rotation 
of the filaments, the anthers, when mature, dehisce to- 
wards the circumference of the flower in one form of 
Faramea, and towards the centre in the other form. The 
pollen-grains sometimes differ conspicuously in colour, 
and often to an extraordinary degree in diameter. 
They differ also somewhat in shape, and apparently in 
their contents, as they are unequally opaque. In the 
short-styled form of Faramea the pollen-grains are 
covered with sharp points, so as to cohere readily to- 
gether or to an insect ; whilst the smaller grains of the 
long-styled form are quite smooth. 

With respect to the pistil, the style may be almost 
thrice as long in the one form as in the other. In 
Oxalis it sometimes differs in hairiness in the three 
forms* In Linum the pistils either diverge and pass 
out between the filaments, or stand nearly upright and 
parallel to them. The stigmas in the two forms often 
differ much in size and shape, and more especially 
in the length and thickness of their papillae ; so that 
the surface may be rough or quite smooth. Owing 
to the rotation of the styles, the papillose surface of 
the stigma is turned outwards in one form of Linum 
perenne, and inwards in the other form. In flowers of 
the same age of Primula verts the ovules are larger in 
the ieng-styled than in the short-styled form. The 
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seeds produced by the two or three forms often differ 
in number, and sometimes in size and weight ; thus* 
five seeds from the long-styled form of Lythrum soli* 
carta equal in weight six from the mid-styled and 
seven from the short-styled form. Lastly, short- 
styled plants of Pulmonaria officinalis bear a larger 
number of flowers, and these set a larger propor-* 
tional number of fruit, which however yield a lower 
average number of seed, than the long-styled plants. 
With heterostyled plants we thus see in how many 
and in what important characters the forms of the 
same undoubted species often differ from one another — 
characters which with ordinary plants would be amply 
sufficient to distinguish species of the same genus. 

As the pollen-grains of ordinary species belonging 
to the same genus generally resemble one another 
closely in all respects, it is worth while to show, in the 
following table (34), the difference in diameter be- 
tween the grains from the two or three forms of the 
same heterostyled species in the forty-three cases in 
which this was ascertained. But it should be observed 
that some of the following measurements are only 
approximately accurate, as only a few grains were 
measured. In several cases, also, the grains had been 
dried and were then soaked in water. Whenever they 
were of an elongated shape their longer diameters 
were measured. The grains from the short-styled 
plants are invariably larger than those from the long- 
styled, whenever there is any difference between them. 
The diameter of the former is represented in the table 
by the number 100. 

We here see that, with seven or eight exceptions 
out of the forty-three cases, the pollen-grains from one 
form are larger than those from the other form of the 
same species. The extreme difference is as 100 to 55; 
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Table 84. 

Relative Diameter of the Pollen-grains from the forms of the tame 
Heterostyled Species; those from the short-styled form "being 
represented by 10(). 


Dimorphic Species. 


From the Long- 
styled form. 

Primula veris . ... 67 

„ vulgaris . . . 71 

„ Sinensis(Hildebrand) 57 
„ auricula . . .71 

Hottonia polustris (H. Muller) 6 1 
»♦ »♦ (self) . 64 

Linum grandiflorum . . 100 

„ perenne(diameter va- 
riable). . . 


„ flavum . . . 


100 

Pulmonaria officinalis . 

• 

78 

„ angustifolia 

• 

91 

Polygonum fagopyrum. 

a 

82 

Leucosmia Burnettiana 


99 

jEgiphila elata . . 


62 

Menyanthes trifoliata , 

a 

84 

Limnanthemum Indicum 

a 

100 

Villarsia (sp. ?) . , . 

a 

75 

Forsythia suspensa . 


94 


From the Long- 
styled form. ; 
Cordia (sp. ?) , ... 100 

Gilia pulchella .... 100 
„ micrantha .... 81 

Sethia acuminata ... 83 

Erythroxylum (sp. ?) . , 93 

Cratoxylon formosum * « 86 

Mitchella repcns, pollen- 
grains of the .long-styled 
a little smaller. 

Borreria (sp. ?) ♦ . , .93 

Faramea (sp. ?) . . . .67 

Suteria (sp. ?) (Fritz M Uller) 75 
Houstonia coerulea ... 72 

Oldenlandia (sp. ?) . . .78 

Hedyotis (sp. ?) . . , .88 

Coccocypselum (sp.?) (F.\ 
MUller) . . . . / 

Lipostoma (sp. ?) . * , 80 

Cinchona micrantha . . 91 


Trimorphic Species. 


Ratio expressing the extreme differences 
in diameter of the pollen ‘grains from the j 
two sets of anthers in the three forms. 


Ratio between the diameters of the pollen- 
grains of the two Bets of anthers in the 
same form. 


Lythrum salicaria .... 60 

JNesaea verticillata . ... 65 

Oxalis V aldi viana (Hildebrand) 7 1 

Begnelli 78 

„ speciosa 69 

„ sensitiva .... 84 

Pontederia (sp. ?) . . . .55 


Oxalis rosea, long-styled form! 
(Hildebrand). . ./ 

„ compressa, short-styled i 
form . » 

Pontederia (sp. ?) short-styled ( 
form . 

„ other sp.,mid-styledl 
form. • • ./ 


83 


and we should bear in mind that in the case of 
spheres differing to this degree in diameter, their 
contents differ in the ratio of six to one. With all 
the species in which the grains differ in diameter* 
there is no exception to the rule that those from the 
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anthers of the short-styled form, the totes of which, 
have to penetrate the longer pistil of the long-styled 
form, are larger than the grains from the other form. 
This curious relation led Delpino* (as it formerly did 
me) to believe that the larger size of the grains in 
the short-styled flowers- is connected with the greater 
supply of matter needed for the development of their 
longer tubes. But the case of Linum, in which 
the grains of the two forms are of equal size, whilst 
the pistil of the one is about twice as long as that 
of the other, made me from the first feel very 
doubtful with respect to this view. My doubts have 
since been strengthened by the cases of Limnanthe- 
mum and Coccooypselum, in which the grains are of 
equal size in the two forms ; whilst in the former 
genus the pistil is nearly thrice and in the latter 
twice as long as in the other form. In those species- 
in which the grains are of unequal size in the two 
forms, there is no close relationship between the de- 
gree of their inequality and that of their pistils. 
Thus in Pulmonaria officinalis and in Erythroxy- 
lum the pistil in the long-styled form is about 
twice the length of that in the other form, whilst 
in the former species the pollen-grains are as 100 to 
78, and in the latter as 100 to 93 id diameter. In 
the two forms of Suteria the pistil differs but little 
in length, whilst the pollen - grains are as 100 to 
15 in diameter. These cases seem to prove that the 
difference in size between the grains in the two 
forms is not determined by the length of the pistil, 
down which the tubes have to grow. That with 
plants in general there is no close relationship between 

* * 8011 ’ Open, la Distribuzione dei Seed nolle Piante,’ 1867, 
p. 17. 
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the size of the pollen-grains and the length of the 
pistil is manifest: for instance, I found that the dis- 
tended grains of Datura arborea were *00248 of an 
inch in diameter, and the pistil no less than 9 ‘25 
inches in length ; now the pistil in the small fiowen 
of Polygonum fagopyrum is very short, yet the larger 
pollen-grains from the short-styled plants had exactly 
the same diameter as those from the Datura, with its 
enormously elongated pistil. 

Notwithstanding these several considerations, it is 
difficult quite to give up the belief that the pollen-grains 
from the longer stamens of heterostyled plants have 
become larger in order to allow of the development of 
longer tubes ; and the foregoing opposing foots may 
possibly be reconciled in the following manner. The 
tubes are at first developed from matter contained 
within the grains, for they are sometimes exserted 
to a considerable length, before the grains have 
touched the stigma ; but botanists believe that they 
afterwards draw nourishment from the conducting 
tissue of the pistil. It is hardly possible to doubt 
that this must occur in such cases as that of the Da- 
tura, in which the tubes have to grow down the whole 
length of the pistil, and therefore to a length equal- 
ling 3,806 times the diameter of the grains (namely, 
*00243 of an inch) from which they are protruded. 
I may here remark that I have seen the pollen-grains 
of a willow, immersed in a very weak solution of honey, 
protrude their tubes, in the course of twelve hours, to 
a length thirteen times as great as the diameter of the 
grains. Now if we suppose that the tubes in some 
heterostyled species are developed wholly or almost 
wholly from matter contained within the grains, while 
in other species from matter yielded by the pistil, we 
can see that in the former case it would be necessary 
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that the grains of the two forms should diflfear in 
relatively to the length of the pistil which the tubes 
hare tdpehetrate, but that inthe latter case itwould 
hot'be necessary tha^the graias should thus differ* 
Whether this explanation can be oonsidered aatiBfia&i 
fory must remain at present doubtful. ^ 

• There is another remarkable difference between 
the forms of several heterostyled species, namely in the 
anthers of the short-styled flowers, which contain 
the larger pollen-grains, being longer than those of the 
long-styled flowers. This is the case with Bottonia 
palmtris in the ratio of 100 to 83. With Lirnmem • 
themm IncUeum the ratio is as 100 to 70. With the 
allied Menyanthes the anthers of the short-styled form 
are a little and with Yillarsia conspicuously larger 
than those of the long-styled. With PiUmonaria 
angudifolia they vary much in size, but from an 
average of seven measurements of each kind the ratio 
is as 100 to 91. In six genera of the Rubiace® there 
is a similar difference, either slightly or well marked. 
Lastly, in the trimorphic Pontederia the ratio is 100 
to 88 ; the anthers from the longest stamens in the 
short-styled form being compared with those from 
the shortest stamens in the long-styled form. On the 
other hand, there is a similar and well-marked differ- 
ence in the length of the stamens in the two forms 
of Forsythia suspensa and of lAnvm flavum ; but in 
these two cases the anthers of the short-styled flowers 
are shorter than those of the long-styled. The rela- 
tive size of the anthers was not particularly attended 
to in the two forms of the other heterostyled plants, 
but I believe that they are generally equal, as is 
certainly the case with those of the common primrose 
and cowslip. 

The pistil differs in length in the two forms of every 



stigma in the two forms, that of the long-styled, what- 
ever its shape may be, is larger than that of the short- 
styled. But here again there are some exceptions 
to the rule, for in the short-styled form of Leucosmia 
Bumettiana the stigmas are longer and much narrower 
than those of the long-styled ; the ratio between the 
lengths of the stigmas in the two forms being 100 to 60. 
In the three Rubiaceous genera, Faramea, Houstonia 
and Oldenlandia, the stigmas of the short-styled form 
are likewise somewhat longer and narrower; and in 
the three forms of Oxcdis semitiva the difference is 
strongly marked, for if the length of the two stigmas 
of the long-styled pistil be taken as 100, it will be 
represented in the mid- and short-styled forms by 
the numbers 141 and 164. As in all these cases the 
stigmas of the short-styled pistil are seated low down 
within a more or less tubular corolla, it is probable 
that they are better fitted by being long and narrow 
for brushing the pollen off the inserted proboscis of 
an insect. 

With many heterostyled plants the stigma differs 
in roughness in the two forms, and when this is the 
case there is no known exception to the rule that the 
papillse on the stigma of the long-styled form are longer 
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* 

$nd often thicker than those on that of the short* 
styled. For instance, the papillae on the long-styled 
stigma of Hottonia palustris are more than twice the 
length of those in the other form. This holds good 
even in the case of Eoudonia coerulea, in which the 
stigmas are much shorter and stouter in the long- 
styled than in the short-styled form, for the papillae 
on the former compared with those on the latter are 
as 100 to 58 in length. The length of the pistil 
in the long-styled form of Linum grandijlorum varies 
much, and the stigmatic papillae vary in a corre- 
sponding manner. From this fact I inferred at first 
that in all cases the difference in length between the 
stigmatic papillae in the two forms was one merely of 
correlated growth ; but this can hardly be the true 
or general explanation, as the shorter stigmas of the 
long-styled form of Houstonia have the longer papillae. 
It is a more probable view that the papillae, which 
render the stigma of the long-styled form of various 
species rough, serve to entangle effectually the large- 
sized pollen-grains brought by insects from the short- 
styled form, thus ensuring its legitimate fertilisation. 
This view is supported by the fact that the pollen- 
grains from the two forms of eight species in Table 
34 hardly differ in diameter, and the papillae on their 
stigmas do not differ in length. 

The species which are at present positively or 
almost positively known to be heterostyled belong, as 
shown in the following table, to 38 genera, widely dis- 
tributed throughout the world. These genera are 
included in fourteen Families, most of which are very 
distinct from one another, for they belong to nine of 
the several great Series, into which phanerogamic 
plants have been divided by Bentham and Hooker. * 
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Table 35 , 

List of Genera inducting Heterostyled Species , 
Dicotyledons. * Dicotyledons. 


Cratoxylon. 

Hypericinea. 

Erythroxylum, 

Erythroxyleee. 

Setbia. 

it 

Linum. 

Geraniaceae. 

Oxalis. 

a 

Lythrum. 

Lythracese. 

Newea. 

it 

Cinchona. 

Bouvardia. 

Manettia. 

Hedyotis. 

Oldenlandia. 

Rubiaceac. 

Houstonia. 

Coccocypselum. 

Lipostoma. 

Knoxia. 

Faramea. 

Psychotria. 

Kudgea. 

Suteria. 



MitcheUa. 

Rubiaceac. 

Diodia. 

tt 

Borreria. 

n 

Spermacoce. 

tt 

Primula. 

Primulace*. 

Hottonia. 

n 

Androsace. 

tt 

Forsythia. 

Oleaceae. 

Menyanthes. 

Gentianacea. 

Limnanthemum. 

tt 

Villarsia. 

n 

Gilia. 

Polemoniacese. 

Cordia. 

Cordiee. 

Pulmonaria. 

Boraginea, 

ASgiphila. 

Verbenacea;. 

Polygonum. 

Polygonea*. 

Thymelea. 

Thymeleae. 


Monocotyledons. 
Pontederia. Pontederiacea). 


. In some of these families the heterostyled condition 
must have been acquired at a very remote period. 
Thus the three closely allied genera, Menyanthes, 
Limnanthemum, and Villarsia, inhabit respectively 
Europe, India, and South America. Heterostyled 
species of Hedyotis are found in the temperate regions 
of North and the tropical regions of South America. 
Trimorphic species* of Oxalis live on both sides of 
the Cordillera in South America and at the Cape of 
Good Hope. In these and some other cases it is not 
probable that each species acquired its heterostyled 
structure independently of its close allies. If they 
did not do so, the three closely connected genera of 
the Menyantheae and the several trimorphic species 
of Oxalis milst have inherited their structure from a 
common progenitor. But an immense lapse of time 
will have been necessary in all such cases for the 
modified descendants of a common progenitor to have 
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spread from a single centre to such widely remote and 
separated areas. The family of the Rubiaceae contains 
not far short of as many heterostyled genera as all 
the other thirteen families together ; and hereafter 
no doubt other Rubiaceous genera will be found to 
be heterostyled, although a large majority are homo- 
styled. Several closely allied genera in this family 
probably owe their heterostyled structure to descent 
in common ; but as the genera thus characterised are 
distributed in no less than eight of the tribes into 
which this family has been divided by Bentham and 
Hooker, it is almost certain that several of them 
must have become heterostyled independently of 
one another. What there is in the constitution or 
structure of the members of this family which favours 
their becoming heterostyled, I cannot conjecture. 
Some families of considerable size, such as the Bo- 
ragineae and Yerbenaceee, include, as far as is at 
present known, only a single heterostyled genus. 
Polygonum also is the sole heterostyled genus in its 
family ; and though it is a very large genus, no other 
species except P. fagopyrum is thus characterised. We 
may suspect that it has become heterostyled within 
a comparatively recent period, as it seems to be less 
strongly so in function than the species in any other 
genus, for both forms are capable of yielding a con- 
siderable number of spontaneously self-fertilised seeds. 
Polygonum in possessing only a single heterostyled 
species is an extreme case ; but every other genus of 
considerable size which includes some such species 
likewise contains homostyled species. Lythrum in- 
cludes trimorphic, dimorphic, and homostyled species. 

Trees, bushes, and herbaceous plants, both large 
and small, bearing single flowers or flowers in dense 
spikes or heads, have been rendered heterostyled. 



Chap. VI ON HETEROSTYLED PLANTS. . 257 

So have plants which inhabit alpine and lowland sites, 
dry land, marshes and water.* 

When I first began to experimentise on hetero- 
styled plants it was under the impression that they 
were tending to become dioecious ; but I was soon forced 
to relinquish this notion, as the long-styled plants of 
Frimula which, from possessing a longer pistil, larger 
stigma, shorter stamens with smaller pollen-grains, 
seemed to be the more feminine of the two forms, 
yielded fewer seeds than the short-styled plants which 
appeared to be in the above respects the more mascu- 
line of the two. Moreover, trimorphic plants evidently 
come under the same category with dimorphic, and 
the former cannot be looked at as tending to become 
dioecious. With Lythrum salicaria, however, we have 
the curious and unique case of the mid-styled fonn 
being more feminine or less masculine in nature than 
the other two forms. This is shown by the large 


* Out of the 38 genera known 
to include heterostyled species, 
about eight, or 21 per cent., are 
more or less aquatic in their 
habits. I was at first struck with 
this fact, for I was not then aware 
how large a proportion of or- 
dinary plants inhabit such sta- 
tions. Heterostyled plnntB may 
be said in one sense to have their 
sexes separated, as the forms must 
mutually fertilise one another. 
Therefore it seemed worth while 
to ascertain what proportion of 
the genera in the Linnean classes, 
Monoecia, Dicecia and Poly- 
gamia, contained species which 
live “ in water, marshes, bogs or 
watery places” In Sir W. J. 
Hooker's ‘ British Flora * (4th 
edit. 1888) these three Linnean 
classes include 40 genera, 17 of 


which (i.e. 43 per cent.) contain 
species inhabiting the just-speci- 
fied stations. So that 48 per cent, 
of those British plants which 
have their Bexes separated are 
more or less aquatic in their 
habits, wheTeas only 21 per cent, 
of heterostyled plants have such 
habits. I may add that tiie her- 
maphrodite classes, from Monan- 
dria to Gynandria inclusive, con- 
tain 447 genera, of which 113 are 
aquatic in the above sense, or ouly 
25 per cent. It thus appears, as 
far as can be judged from such 
imperfect data, that there is some 
connection between the separation 
of the sexes in plants and the 
watery nature of the sites which 
they inhabit ; but that this does 
not hold good with heterostyled 
species. 
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number of seeds which it yields in whatever manner 
it may he fertilised, and by its pollen (the grains of 
which' are of smaller size than those from the cor* 
responding stamens in the other two forms) iwhen 
applied to the stigma of any form producing fewer 
seeds than the normal number. If we suppose the 
process of deterioration of the male orgat^s in the mid* 
styled form to continue, the final result would be the 
production of a female plant ; and Lythrum salicaria 
would then consist of two heterostylcd hermaphrodites 
and a female. No such case is known to exist, but it 
is a possible one, as hermaphrodite and female forms 
of the same species are by no means rare. Although 
there is no reason to believe that heterostyled plants 
are regularly becoming dioecious, yet they offer sin- 
gular facilities, as will hereafter be shown, for such 
conversion ; and this appears occasionally to have been 
effected. 

We may feel sure that plants have been rendered 
heterostyled to ensure cross-fertilisation, for we now 
know that a cross between the distinct individuals of 
the same species is highly important for the vigour and 
fertility of the offspring. The same end is gained by 
dichogamy or the maturation of the reproductive ele- 
ments of the same flower at different periods, — by 
dioeciousness — self-sterility — the prepotency of pollen 
from another individual over a plant’s own pollen, — and 
lastly, by the structure of the flower in relation to the 
visits of insects. The wonderful diversity of the means 
for gaining the same end in this case, and in many 
others, depends on the naturo of all the previous 
changes through which the species has passed, and on 
the more or less complete inheritance of the successive 
adaptations of each part to the surrounding conditions. 
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Plants which are already well adapted by the structure 
of their flowers for cross-fertilisation by the aid of 
insects often possess an irregular corolla, which has 
been modelled in relation to their visits ; and it would 
have been of little or no use to such plants to have 
become heterostyled. We can thus understand why 
it is that not a single species is heterostyled in such 
great families as the Leguminosse, Labiate, Scrophu- 
lariacese, Orchideae, &c., all of which have irregular 
flowers. Every known heterostyled plant, however, 
depends on insects for its fertilisation, and not on the 
wind ; so that it is a rather surprising fact that only 
one genus, Pontederia, has a plainly irregular corolla. 

Why some species are adapted for cross-fertilisation, 
whilst others within the same genus are not so, or 
if they once were, have since lost such adaptation 
and in consequence are now usually self-fertilised, I 
have endeavoured elsewhere to explain to a certain 
limited extent.* If it be further asked why some 
species have been adapted for this end by being made 
heterostyled, rather than by any of the above specified 
means, the answer probably lies in the manner in 
which heterostylism originated, — a subject immedi- 
ately to be discussed. Heterostyled species, however, 
have an advantage over dichogamous species, as all 
the flowers on the same heterostyled plant belong to 
the same form, so that when fertilised legitimately by 
insects two distinct individuals are sure to intercross. ■ 
On the other hand, with dichogamous plants, early or 
late flowers on the same individual may intercross; 
and a cross of this kind does hardly any or no good. 
Whenevef it is profitable t6 a species to produee a 

‘The Effects of Cross and Self-fertilisation,’ 1876, p. 441. 

S 2 



260 -OONOLTOIKG BEHAEKS Chap. VL 

large number of seeds, and this obviously is a very 
common case, heterostyled will have an advantage 
over dioecious plants, as all the individuals of the 
former, whilst only half of the latter, that is the 
females, yield seeds. On the other hand, hetero- 
styled plants seem to have no advantage, as far as 
cross-fertilisation is concerned, over those which are 
sterile with their own pollen. They lie indeed under 
a slight disadvantage, for if two self-sterile plants 
grow near together and far removed from all other 
plants of the same species, they will mutually and 
perfectly fertilise one another, whilst this will not be 
the case with heterostyled dimorphic plants, unless 
they chance to belong to opposite forms. 

It may be added that species which are trimorphic 
have one slight advantage over the dimorphic ; for if 
only two individuals of a dimorphic species happen 
to grow near together in an isolated spot, the chances 
are even that both will belong to the same form, and 
in this case they will not produce the full number of 
vigorous and fertile seedlings; all these, moreover, 
will tend strongly to belong to the same form as their 
parents. On the other hand, if two plants of the same 
trimorphic species happen to grow in an isolated spot, 
the chances are two to one in favour of their not be- 
longing to the same form ; and in this case they will 
legitimately fertilise one another, and yield the full 
complement of vigorous offspring. 


The Means by which Plants may have been rendered 

Heterostyled. 

This is a very obscure subject, on which I can throw 
little light, but which is worthy of discussion. It has 
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been shown that heterostyled plants occur in fourteen 
natural families, dispersed throughout the whole vege- 
table kingdom, and that even within the family of the 
Rubiaceae they are dispersed in eight of the tribes. We 
may therefore conclude that this structure has been 
acquired by various plants independently of inheritance 
from a common progenitor, and that it can be acquired 
without any great difficulty — that is, without any very 
unusual combination of circumstances. 

It is probable that the first step towards a species 
becoming heterostyled is great variability in the length 
of the pistil and stamens, or of the pistil alone. Such 
variations are not very rare : with Amsinckia spectdbilis 
and Nolana prostrata these organs differ so much in 
length in different individuals that, until experiment- 
ing on them, I thought both species heterostyled. 
The stigma of Gesneria pendidina sometimes protrudes 
far beyond, and is sometimes seated beneath the 
anthers; so it is with Oxalis acetosdla and various 
other plants. I have also noticed an extraordinary 
amount of difference in the length of the pistil in cul- 
tivated varieties of Primula veris and vulgaris. 

As most plants are at least occasionally cross-fer- 
tilised by the aid of insects, we may assume that this 
was the case with our supposed varying plant ; but 
that it would have been beneficial to it to have been 
more regularly cross-fertilised. We should bear in 
mind how important an advantage it has been 
proved to be to many plants, though in different 
degrees and ways, to be cross-fertilised. It might 
well happen that our supposed species did not vary 
in function in the right manner, so as to become 
either diohogamous or completely self-sterile, or in 
structure so as to ensure cross-fertilisation. If it had 
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thus varied, it would never,have been rendered hetero* 
styled, as tins state would then have been superfluous. 
But the parent-species of our several existing hetero* 
styled plants may have been, and probably were (judg- 
ing from their present constitution) in some degree 
self-sterile ; and this would have made regular cross- 
fertilisation still more desirable. 

Now let us take a highly varying species with most 
or all of the anthers exserted in some individuals, and 
in others seated low down in the corolla; with the 
stigma also varying in position in like manner. Insects 
which visited such flowers would have different parts 
of their bodies dusted with pollen, and it would be a 
mere chance whether this were left on the stigma of 
the next flower which was visited. If all the anthers 
could have been placed on the same level in all the 
plants, then abundant pollen would have adhered to 
the same part of the body of the insects which fre- 
quented the flowers, and would afterwards have been 
deposited without loss on the stigma, if it likewise 
stood on the same unvarying level in all the flowers. 
But as the stamens and pistils are supposed to have 
already varied much in length and to be still varying, 
it might well happen that they could be reduced much 
more easily through natural selection into two sets of 
different lengths in different individuals, than all to 
the same length and level in all the individuals. We 
know from innumerable instances, in which the two 
sexes and the young of the same species differ, that 
there is no difficulty in two or more sets of individuals 
being formed which inherit different characters. In 
our particular case the law of compensation or balance* 
ment (which is admitted by many botanists) would 
tend to cause the pistil tp be reduced in .those indi- 
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viduals.in- which the stamens were greatly developed, ’ 
and to he increased in length in those which had- their 
stamens but little developed. * . ’ 

Now if in our varying species the longer stameps 
were to be nearly equalised in length in a considerable 
body of individuals, with the pistil more or less reduced ; 
and in another body, the shorter stamens to be simi- 
larly equalised, with the pistil more ox less increased in 
length, cross-fertilisation would be secured with little 
loss of pollen ; and this change would be so highly 
beneficial to the species, that the^c is no difficulty in be- 
lieving that it could be effected through natural selec- 
tion. Our plant would then make a close approach in 
structure to a heterostyled dimorphic species ; or to a 
trimorphic species, if the stamens were reduced to two 
lengths in the same flower' in correspondence with that 
of the pistils in the other two forms. But we have not 
as yet even touched on the chief difficulty in under- 
standing how heterostyled species could have origi- , 
nated. A completely self-sterile plant or a dicho- 
gamous one can fertilise and be fertilised by any 
other individual of the same species; whereas the' 
essential character of a heterostyled plant is that an 
individual of one form cannot fully fertilise or be fer- 
tilised by an individual of the. same form,' but only , 
by one belonging to another form. 

H. Muller has suggested * that ordinary or homo- 
styled plants may . have been rendered heterostyled 
merely through this .effects of habit. Whenever pollen 
from one set of anthers is habitually applied to a pistil 
of particular length in a varying species, he believes 
that at last the possibility of fertilisation in any other > 


* Die Be&uehtung der Blmnen,' p. 352. 
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manner will be nearly or completely lost. He was. 
led to this view by observing that Diptera frequently 
carried pollen from the long-styled flowers of Hottonia 
to the stigma of the stale form, and that this ille- 
gitimate union was not nearly so sterile as the corre- 
sponding union in other heterostyled species. But 
this conclusion is directly opposed by some other 
cases, for instance by that of Linum grandifiorum; 
for here the long-styled form is utterly barren with 
its own-form pollen, although from the position 
of the anthers this pollen is invariably applied to 
the 3tigma. It is obvious that with heterostyled 
dimorphic plants the two female and the two male 
organs differ in power ; for if the same kind of pollen 
be placed on the stigmas of the two forms, and again 
if the two kinds of pollen be placed on the stigmas of 
the same form, the results are in each case widely dif- 
ferent. Nor can we see how this differentiation of the 
two female and two male organs could have been 
effected merely through each kind of pollen being 
habitually placed on one of the two stigmas. 

Another view seems at first sight probable, namely, 
that an incapacity to be fertilised in certain ways has 
been specially acquired by heterostyled plants. We 
may suppose that our varying species was somewhat 
sterile (as is often the case) with pollen from its own 
stamens, whether these were long or short ; and that 
such sterility was transferred to all the individuals 
with pistils and stamens of the same length, bo that 
these became incapable of intercrossing freely; but 
that such sterility was eliminated in the case of the 
individuals which differed in the length of their pistils 
and stamens. It is, however, incredible that so peculiar 
a form of mutual infertility should have been specially 
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acquired unless it were highly beneficial to the species ; 
and although it may be beneficial to an individual 
plant to be sterile with its own pollen, cross-fertilisa- 
tion being thus ensured, how can it be any advan- 
tage to a plant to be sterile with half its brethren, 
that is, with all the individuals belonging to the 
same form ? Moreover, if the sterility of the unions 
between plants of the same form had been a special 
acquirement, we might have expected that the long- 
styled form fertilised by the long-styled would have 
been sterile in the same degree as the short-styled 
fertilised by the short-styled ; but this is hardly ever 
the case. On the contrary, there is sometimes the 
widest difference in this respect, as between the two 
illegitimate unions of Pvlmonaria angustifclia and of 
Hottonia palvstris. 

It is a more probable view that the male and female 
organs in two sets of individuals have been by some 
means specially adapted for reciprocal action; and 
that the Bterility between the individuals of the same 
set or form is an incidental and purposeless result. 
The meaning of the term “ incidental ” may be illus- 
trated by the greater or less difficulty in grafting or 
budding together two plants belonging to distinct 
species; for as this capacity is quite immaterial to 
the welfare of either, it cannot have been specially 
acquired, and must be the incidental result of differ- 
ences in their vegetative systems. But how the 
sexual elements of heterostyled plants came to differ 
from what they were whilst the species was homo- 
styled, and how they became co-adapted in two sets of 
individuals, are very obscure points. We know that 
in the two forms of our existing heterostyled plants 
the pistil always differs, and the stamens generally 
differ in length; so does the stigma in structure, 
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the anthers in size, and the pollen-grains in diameter. 
It appears, therefore, at first sight probable that 
organs which differ in such important respects could 
act on one another only in some manner for which 
they had been specially adapted. The probability of 
this view is supported by the curious rule that the 
greater the difference in length between the pistils 
and stamens of the trimorphic species of Lythrum and 
Oxalis, the products of which are united for reproduc- 
tion, by so much the greater is the infertility of the 
union. The same rule applies to the two illegitimate 
unions of some dimorphic species, namely, Primula 
vulgaris and Pulmonaria angustifolia ; but it entirely 
fails in other cases, as with Hottonia palustris and 
Linum grandijlorum. We shall, however, best perceive 
the difficulty of understanding the nature and origin 
of the co-adaptation between the reproductive organs 
of the two forms of heterostyled plants, by consider- 
ing the case of Linum grandijlorum : the two forms of 
this plant differ exclusively, as far as we can see, in 
the length of their pistils ; in the long-styled form, 
the stamens equal the pistil in length, but their 
pollen? has no more effect on it than so much in- 
organlb dust ; whilst this pollen fully fertilises the 
short ^pistil of the other form. Now, it is scarcely 
credible that a mere difference in the length of the 
pistil can make a wide difference in its capacity for 
being fertilised. We can believe this the less because 
with some plants, for instance, Amsinckia spectabUis , 
the pistil varies greatly in length without affecting 
the fertility of the individuals which are intercrossed. 
So again I observed that the same plants of Primula * 
veris and vulgaris differed to an extraordinary degree^ 
in the length of their pistils during successive seasons ; 
nevertheless they yielded during these seasons exactly 
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the same average number of seeds when left to fertilise 
themselves spontaneously under a net. 

We must therefore look to the appearance of inner 
or hidden constitutional differences between the indi- 
viduals of a varying species, of such a nature that the 
male element of one set is enabled to act efficiently 
only on the female element of another set. We need 
not doubt about the possibility of variations in the 
constitution of the reproductive system of a plant, for 
we 'know that some species vary so as to be completely 
self-sterile or completely self-fertile, either in an appa- 
rently spontaneous manner or from slightly changed 
conditions of life. Gartner also has shown* that the in- 
dividual plants of the same species vary in their sexual 
powers in such a manner that one will unite with a 
distinct species much more readily than another. But 
what the nature of the inner constitutional differences 
may be between the sets or forms of the same varying 
species, or between distinct species, i* quite unknown. 
It seems therefore probable that the species which 
have become heterostyled at first varied so that two 
or three sets of individuals were formed differing in 
the length of their pistils and stamens and in other 
co-adapted characters, and that almost simultaneously 
their reproductive powers became modified in such a 
manner that the sexual elements in one set were 
adapted to act on the sexual elements of another set ; 
and consequently that these elements in the same set 
or form incidentally became ill-adapted for mutual 
interaction, as in the case of distinct species. I have 
elsewhere shown t that the sterility of species when 

* Q&riner, * Baatarderzeugung Plants under Domestication/ 2nd 
im Pflanzenreioh/ 1849, p. 165. edit vol. ii. p. 169 ; * Tbe Effects of 

t ‘Origin of Species,’ 6th edit. Cross and Self-fertilisation/ p. 468. 
p. 247 j * Variation of Animals and It may be well here to remade 
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first crossed and of their hybrid offspring must also 
be looked at as merely an incidental result, following 
from the special co-adaptation of the sexual elements 
of the same species. We can thus understand the 
striking parallelism, which has been shown to exist 
between the effects of illegitimately uniting hetero- 
styled plants and of crossing distinct species. The 
great difference in the degree of sterility between the 
various heterostyled species when illegitimately fer- 
tilised, and between the two forms of the same species 
when similarly fertilised, harmonises well with the 
view that the result is an incidental one which follows 
from changes gradually effected in their reproductive 
systems, in order that the sexual elements of the dis- 
tinct forms should act perfectly on one another. 

Transmission of the Two Form by Heterostyled Plants. 
— The transmission of the two forms by heterostyled 
plants, with respect to which many facts were given in 
the last chapter, may perhaps be found hereafter to 
throw some light on their manner of development. 
Hildebrand observed that seedlings from the long- 
styled form of Primula Sinensis when fertilised with 
pollen from the same form were mostly long-styled, 
and many analogous cases have since been observed 
by me. All the known cases are given in the two 
following tables. 


that, judging from the remark- 
able power with which abruptly 
changed conditions of life act on 
the reproductive system of most 
organisms, it ia probable that the 
doee, adaptation of the male to the 


female elements in the two forms of 
the same heterostyled species, or 
in all the individuals of the same 
ordinary species, oould be acquired 
only under long-continued nearly 
uniform conditions of life, 



Chap. VL 


ON HETEBQSTYLED PLANTS. 


269 


Table 36. 

Nature of the Off spring from Illegitimately fertilised Dimorphic 
Plants . 


— 

Number 
of Long- 1 
styled 1 
Offspring. 

Number 
of Short- 
styled 
Offspring. 

Primula veris 

{Long-styled form, fertilised byl 
! own-form pollen during fivel 
successive generations, pro-| 

156 

6 

»» »» • 

(Short-styled form, fertilised byl 
*\ own-form pollen, produced . y 

5 

9 

Primula vulgaris 

{Xoug-styled form, fertilised by i 
I own-form pollen during two | 
successive geuerations, pro-j 
1 duced j 

69 

0 

Primula auricula 

(Short-styled form, fertilised byl 

1 own-form pollen, is said tor 
A produce during successive V 
I generations oilspring in about 
l the following proportions .J 

25 

75 

Primula Sinensis . 

( Long-styled form, fertilised byl 
J own-form pollen during two 1 
•j successive generations, pro-j 

52 

0 

» n 

[Long-styled form, fertilised byj 
.< own -form pollen (Hilde-> 
( brand), produced. . . .) 

14 

3 

»» >i 

( Short-styled form, fertilised byl 
* \ own-form pollen, produced . j 

1 

24 


XI 

0 

XfSKd 1 ') 

l 45 

4 

w w 

( Short-sty led form, fertilised byl 
\ own-form pollen, produced . j 

► 13 

20 





270 


CONCLUDING BEMABKS 


Chap. VI. 


Table 37 . 

Nature of the Offspringfrom Illegitimately fertilised Trimorphie 
Plante. 


— 

Number 
of Long- 
styled 
Offspring. 

Number 
of Mid- 
Btyled 
Offspring. 

Number 
of Short- 

<£& 

Ly thrum salicaria. 

{Long-styled form, fertilised 

J by own-form pollen, pro- 
1 duced 

56 

0 

0 

»i >» • J 

(Short-styled form, fertilised! 
j by own-form pollen, pro-! 
( duced ) 

1 

0 

i 

8 

» n 

[Short-styled form, fertilised 
| by pollen from mid-length 

I stamens of long - styled 
[ form, produced . , 

4 

? 

0 

' 6 

v „ n •] 

f Mid-sty led form, fertilised byl 
[ own-form pollen, produced/ 

1 

3 

*0 

» » • 

'Mid-styled form, fertilised byj 
pollen from shortest sta*! 
mens of long-styled form,! 
; produced 

17 

a 

0 

11 M 

| Mid-styled form, fertilised byj 

I pollen from longest sta-l 
mens of short-styled form, j 
[ produced 

14 

8 

18 

Oi&lis rosea . .< 

Long-styled form, fertilised' 
during several generations 
by own-form pollen, pro- ► 
duced offspring in the 
, ratio of . • • « J 

100 

0 

0 

„ hedysaroidesj 

Mid-styled form, fertilised byl 
own-form pollen, produced/ 

0 

17 

0 
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We see in these two tables that the offspring from 
a fonn illegitimately fertilised with pollen from 
another, plant of the same form belong, with a few 
exceptions, to the same form as their parents. For 
instance, out of 162 seedlings from long-styled plants 
of Primula, verts fertilised during five generations in 
this manner, 156 were long-styled and only 6 short- 
styled. Of 69 seedlings from P. vulgaris similarly 
raised all were long-styled. So it was with 56 seedlings 
from the long-styled form of the trimorphic Lythrum 
salicaria, and with numerous seedlings from the long- 
styled form of Omits rosea. The offspring from the 
short-styled forms of dimorphic plants, and from both 
the mid-styled and short-styled forms of trimorphic 
plants, fertilised with their own-form pollen, likewise 
tend to belong to the same form as their parents, but 
not in so marked a manner as in the case of the long- 
styled form. There are three cases in Table 37, in 
which a form of Lythrum was fertilised illegitimately 
with pollen from another form ; and in two of these 
cases all the offspring belonged to the same two forms 
as their parents, whilst in the third case they belonged 
to all three forms. 

The cases hitherto given relate to illegitimate unions, 
but Hildebrand, Fritz Muller, and myself found that 
a* very large proportion, or all of the offspring, from a 
legitimate union between any two forms of the tri- 
morphic species of Oxalis belonged to the same two 
forms. A similar rule therefore holds good with unions 
which are fully fertile, as with those of an illegiti- 
mate nature which are more or less sterile. When 
some of the seedlings from a heterostyled plant belong 
to a different form from that of its parents, Hildebrand 
accounts for the fact by reversion. For instance, the 
long-styled parent-plant of Primula verts, from which 
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the 162 illegitimate seedlings in Table 36 were derived 
in the course of five generations, was itself no doubt 
derived from the union of a long-styled and a short- 
styled parent ; and the 6 short-styled seedlings may be 
attributed to reversion to their short-styled progeni- 
tor. But it is a surprising fact in this case, and in 
other similar ones, that the number of the offspring 
which thus reverted was not larger. The fact is ren- 
dered still more strange in the particular instance of 
P. veris, for there was no reversion until four or five 
generations of long-styled plants had been raised. It 
may be seen in both tables that the long-styled form 
transmits its form much more faithfully than does the 
short-styled, when both are fertilised with their own- 
form pollen ; and why this should be so it is difficult 
to conjecture, unless it be that the aboriginal parent- 
form of most heterostyled species possessed a pistil 
which exceeded its own stamens considerably in 
length.* I will only add that in a state of nature 
any single plant of a trimorphic species no doubt 
produces all three forms; and this may be accounted 
for either by its several flowers being separately fer- 
tilised by both the other forms, as Hildebrand sup- 
poses ; or by pollen from both the other forms being 
deposited by insects on the stigma of the same flower. 

Equal-styled varieties . — The tendency of the di- 
morphic species of Primula to produce equal-styled 
varieties deserves notice. Cases of this kind have 

* It may be suspected that this state of nature with some flowers 
was the case with Primula, judg- on the same plant long-styled, 
ing from the length of the pistil others short-styled and others 
in several allied genera (see equal-styled ; and the long-styled 
Mr. J. Soott, 4 Journal Linn. Soc. form greatly preponderated in 
Bot’ vol. viii. 1864, p. 85). Herr number ; there being 61 of this 
Breitenboch found many specimens form to 9 of the short-styled and 
of Primula elatior growing in a 15 of the equal-styled. 
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been observed, as $hown in the last chapter, in no less 
than six species, namely, P, veris, vulgaris , Sinensis, 
auricula, farinosa, and datior . In the case of P. veris, 
the stamens resemble in length, position and size 
of their pollen-grains the stamens of the short-styled 
form ; whilst the pistil closely resembles that of the 
long-styled, but as it varies much in length, one proper 
to the short-styled form appears to have been elongated 
and to have assumed at the same time the functions 
of a long-styled pistil. Consequently the flowers are 
capable of spontaneous self-fertilisation of a legiti- 
mate nature and yield a full complement of seed,* or 
even more than the number produced by ordinary 
flowers legitimately fertilised. With P. Sinensis , on 
the other hand, the stamens resemble in all respects 
the shorter ones proper to the long-styled form, whilst 
the pistil makes a near approach to that of the short- 
styled, but as it varies in length, it would appear as 
if a long-styled pistil had been reduced in length and 
modified in function. The flowers in this case as in 
the last are capable of spontaneous legitimate ferti- 
lisation, and are rather more productive than ordinary 
flowers legitimately fertilised. With P. auricula and 
farinosa the stamens resemble those of the short-styled 
form in length, but those of the long-styled in the 
size of their pollen-grains ; the pistil also resembles that 
of the long-styled, so that although the stamens and 
pistil are of nearly equal length, and consequently 
pollen is spontaneously deposited on the stigma, y£t 
the flowers* are not legitimately fertilised and yield 
only a very moderate supply of seed. We thus see, 
firstly, that equal-styled varieties have originated in 
various tfays, and, secondly, that the combination of 
the two fotas in the same flpwer differs in 'Complete- 
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ness. - With P, datior some of the flowers on the same 
plant hare become equal-styled, instead of all of 
them as in the other species. 

Mr, Scott has suggested that the equal-styled varie- 
ties arise through reversion to the former homostyled 
condition of the genus. This view is supported by 
the remarkable fidelity with which the equal-styled 
variation is transmitted after it has once appeared. I 
have shown in Chapter XIII. of my ‘Variation of 
Animals and Plants under Domestication,’ that 
any cause which disturbs the constitution tends to 
induce reversion, and it is chiefly the cultivated 
species of Primula which become equal-styled. Ille- 
gitimate fertilisation, which is an abnormal process, 
is likewise an exciting cause ; and with illegitimately 
descended long-styled plants of P. Sinensis, I have 
observed the first appearance and subsequent stages 
of this variation. With some other plants of P. Si- 
nensis of similar parentage the flowers appeared 
to have reverted to their original wild condition. 
Again, some hybrids between P. veris and vulgaris 
were strictly equal-styled, and others made a near 
approach to this structure. All these facts support 
the view that this variation results, at least in part, 
from reversion to the original state of the genus, 
before the species had become heterostyled. On the 
other hand, some considerations indicate, as previously 
remarked, that the aboriginal parent-form of Primula 
had a pistil which exceeded the stamens in length. 
The fertility of the equal-styled varieties has been 
somewhat modified, being sometimes greater and some- 
times less than that of a legitimate union. Another 
view, however, may be taken with respect to the origin 
of the equal-styled varieties, and their - appearance 
may be compared with that of hermaphrodites amongst 
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animals which properly have their sexes separated; 
for the two sexes are combined in a monstrous her* 
maphrodite in a somewhat similar manner as the 
two sexual forms are combined in the same flower of 
an equal-styled variety of a heterostyled species. 

Final remarks . — The existence of plants which have 
been rendered heterostyled is a highly remarkable 
phenomenon, as the two or three forms of the same 
undoubted species differ not only in important points 
of structure, but in the nature of their reproductive 
powers. As far as structure is concerned, the two 
sexes of many animals and of some plants differ to an 
extreme degree ; and in both kingdoms the same 
species may consist of males, females, and hermaphro- 
dites. Certain hermaphrodite eirripedes are aided in 
their reproduction by a whole cluster of what I have 
called complemental males, which differ wonderfully 
from the ordinary hermaphrodite form. With ants 
we have males and females, and two or three castes of 
sterile females or workers. With Termites there are, 
as Fritz Muller has shown, both winged and wingless 
males and females, besides the workers. But in none 
of these cases is there any reason to believe that the 
several males or several females of the same species 
differ in their sexual powers, except in the atrophied 
condition of the reproductive organs in the workers of 
social insects. Many hermaphrodite animals must 
unite for reproduction, but the necessity of such 
union apparently depends solely on their structure. 
On the other hand, with heterostyled dimorphic 
species there are two females and two sets of males, 
and with trimorphic species three females and three 
sets of males, which differ essentially in their sexual 

T 2 
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powers* W<e shall, perhaps, best perceive the complex 
and extraordinary nature of the marriage arrangements 
of a trimorphic plant by the following illustration. 
Let us suppose that the individuals of the same species 
of ant always lived in triple communities; and that 
in one of these, a large-sized female (differing also in 
other characters) lived with six middle-sized and six 
small-sized males ; in the second community a middle- 
sized female lived with six large- and six small-sized 
males ; and in the third, a small-sized female lived 
with six large- and six middle-sized males. Each of 
these three females, though enabled to unite with any 
male, would be nearly sterile with her own two sets of 
males, and likewise with two other sets of males of the 
same size with her own which lived in the other two 
communities; but she would be fully fertile when 
paired with a male of her own size. Hence the thirty- 
six males, distributed by half-dozens in the three com- 
munities, would be divided into three sets of a dozen 
each; and these sets, as well as the three females, 
would differ from one another in their reproductive 
powers in exactly the same manner as do the distinct 
species of the same genus. But it is a still more 
remarkable fact that young ants raised from any one 
of the three female ants, illegitimately fertilised by a j 
male of a different size, would resemble in a whole 
series of relations the hybrid offspring from a cross 
between two distinct species of ants. They would be 
dwarfed in stature, and more or less, or even utterly 
barren. Naturalists are so much accustomed to behold 
great diversities of structure associated with the two 
sexes, that they feel no surprise at almost any amount 
of difference ; but differences in sexual nature' have 
been- thought to be the very touchstone of specific 
distinction. We now see that such sexual differences 
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— the greater or. less power of fertilising and being 
fertilised — may characterise the co-existing individuals 
of the same species, in the same manner as they 
characterise and have kept separate those groups of 
individuals, produced during the lapse of ages, which 
we rank and denominate as distinct species. 
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CHAPTER VII. 

Polygamous, Dkecious, and Gynchdicecious Plants. 

The conversion in various ways of hermaphrodite into dioecious plants 
— Heterostyled plants rendered dioecious — Rubiaceae — Verbenaoe® 
— Polygamous and sub-dioecious plants-— Euonymus — Pragaria — 
The two sub-forms of both sexes of Rhamnus and Epigaea — Hex — 
Gyno-dioecious plants— Thymus, difference in fertility of the her- 
maphrodite and female individuals— Satureia — Manner in which 
the two forms probably originated— Bcabiosa and other gyno- 
dioscious plants — Difference in the size of the corolla in the forms 
of polygamous, dioecious, and gyno-dioecious plants. 

Thebe are several groups of plants in which all the 
species are dioecious, and these exhibit no rudiments 
in the one sex of the organs proper to the other. 
About the origin of such plants nothing is known. It 
is possible that they may be descended from ancient 
lowly organised forms, which had from the first their 
sexes separated; so that they have never. existed as 
hermaphrodites. There are, however, many other 
groups of species and single ones, which from being 
allied on all sides to hermaphrodites, and from ex- 
hibiting in the female flowers plain rudiments of 
male organs, and conversely in the male flowers rudi- 
ments of female organs, we may feel sure are descended 
from plants which formerly had the two sexes com- 
bined in the same flower. It is a curious and obscure 
problem how and why such hermaphrodites have been ' 
rendered bisexual. 

If in some individuals of a species the stamens 
alone were to abort, females and hermaphrodites would 
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be left existing, of which many instances occur ; and 
if the female organs of the hermaphrodite were after- 
wards to abort, the result would be a dioecious plant. 
Conversely, if we imagine the female organs alone to 
abort in some individuals, males and hermaphrodites 
would be left ; and the hermaphrodites might after- 
wards be converted into females. 

In other cases, as in that of the common Ash-treo 
mentioned in the Introduction, the stamens are rudi- 
mentary in some individuals, the pistils in others, 
others again remaining as hermaphrodites. Here the 
modification of the two sets of organs appears to have 
occurred simultaneously, as far as we can judge from 
their equal state of abortion. If the hermaphrodites 
were supplanted by the individuals having separated 
sexes, and if these latter were equalised in number, a 
strictly dioecious species would be formed. 

There is much difficulty in understanding why her- 
maphrodite plants should ever have been rendered 
dioecious. There would be no such conversion, unless 
pollen was already carried regularly by insects or by tlje 
wind from one individual to the other ; for otherwise 
every step towards dioociousness would lead towards 
sterility. As we must assume that cross-fertilisation 
was assured before an hermaphrodite could be changed 
into a dioecious plant, we may conclude that the con- 
version has not been effected for the sake of gaining 
the great benefits which follow from cross-fertilisa- 
tion. We can, however, see that if a species were 
subjected to unfavourable conditions from severe com- 
petition with other plants, or from any other cause, the 
production of the male and female elements and the 
maturation of the ovules by the same.individual, might 
prove too great a strain on its powers, and the separa- 
tion of the sexes would then be highly beneficial. 
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This, however, would be effected only under the con- 
tingency of a reduced number of seeds, produced by 
the fences alone, being sufficient to keep up the 
stock* * 

There is another way of looking at the subject which 
partially removes a difficulty that appears at first sight 
insuperable, namely, that during the conversion of an 
hermaphrodite into a dioecious plant, the male organs 
must abort in some individuals and the female organs 
in others. Yet, as all are exposed to the same con- 
ditions, it might have been expected that those 
which varied wbuld tend to vary in the same man- 
ner. As a general rule only a few individuals of a 
species vary simultaneously in the same manner ; and 
there is no improbability in the assumption that 
some few individuals might produce larger seeds 
than the average, better stocked with nourishment. If 
the production of such seeds were highly beneficial to 
a species, and on this head there can be little doubt,* 
the -variety with the large seeds would tend to in- 
crease. But in accordance with the law of compensa- 
tion we might expect that the individuals which pro- 
duced such seeds would, if living under severe con- 
ditions, tend to produce less and less pollen, so that 
their anthers would be reduced in size and might ulti- 
mately become rudimentary. This view occurred to 
me owing to a statement by Sir J. E. Smith t that 
there are female and hermaphrodite plants of Serratvla 
tinctoria, and that the seeds of the former are larger 
than those of the hermaphrodite form. It may also 
be worth while to recall the case of the mid-styled 
form of LytJyrum salicaria, which produces a larger 

* See the facts given in 4 The f * Trans. Linn. Soc.,* voL xiii. 
Effects of Cross and'Self-fertilisa- p. 600. 
tion,* p. 853.- r 
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number of seeds than the other forms, and has some* 
whai smaller pollen-grains which hare less fertilising 
power than those of the corresponding stamens in the 
othey two forms ; but whether the larger number of 
seedp is the indirect cause of the diminished power 
of the pollen, or vice versa , I know not. As soon 
as the anthers in a certain number of individuals be- 
came reduced in size in the manner just suggested or 
from any other cause, the other individuals would have 
to produce a larger supply of pollen ; and such in- 
creased development would tend to reduce the female 
organs through the law of compensation, so as ulti- 
mately to leave them in a rudimentary condition ; 
and the species would then become dioecious. 

Instead of the first change occurring in the female 
organs we may suppose that the male ones first varied, 
so that some individuals produced a larger supply of 
pollen. This would be beneficial under certain cir- 
cumstances, such as a change in the nature of the 
insects which visited the flowers, or in their be- 
coming more anemophilous, for such plants require an 
enormous quantity of pollen. The increased action of 
the male organs would tend to affect through compen- 
sation the female organs of the same flower ; and the 
final result would be that the species would consist of 
males and hermaphrodites. But it is of no use con- 
sidering this case and other analogous ones, for, as 
stated in the Introduction, the co-existence of male 
and hermaphrodite plants is excessively rare. 

It is no valid objection to the foregoing views that 
changes of such a nature would be effected with ex- 
treme slowness, for we shall presently see good reason 
to believe that various hermaphrodite plants have 
become or are becoming dicecious by many and ex- 
cessively small steps. In the case of polygamous 
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species, which exist as males, females and hermaphro- 
dites, the latter would have to he supplanted before 
tile species could become strictly dioecious ; but the 
extinction of the hermaphrodite form would probably 
not be difficult, as a complete separation of the sexes 
appears often to be in some way beneficial. The males 
and females would also hare to be equalised in 
number, or produced in some fitting proportion for the 
effectual fertilisation of the females. 

There are, no doubt, many unknown laws which 
govern the suppression of the male or female organs 
in hermaphrodite plants, quite independently of any 
tendency in them to become monoecious, dioecious, or 
polygamous. We see this in those hermaphrodites 
which from the rudiments still present manifestly 
once possessed more stamens or pistils than they 
now do, — even twice as many, as a whole verticil has 
often been suppressed. Robert Brown remarks* that 
“the order of reduction or abortion of the stamina 
in any natural family may with some confidence be 
predicted,” by observing in other members of the 
family, in which their number is complete, the order 
of the dehiscence of the anthers ; for the lesser per- 
manence of an organ is generally connected with its 
lesser perfection, and he judges of perfection by 
priority of development. He also states that when- 
ever there is a separation of the sexes in an her- 
maphrodite plant, which bears flowers on a simple 
spike, it is the females which expand first ; and this 
he likewise attributes to the female sex being the 
more perfect of the two, but why the female should 
be thus valued he does not explain. 

* * Tram. T.inn. Boo.’ voL xiL p. 98. Or ‘ Miscellaneous Works,’ voL 
ii. pp. 278-81. 
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Plants under cultivation or changed conditions of 
life frequently become sterile ; and the male organa 
are much oftener affected than the female, though the 
latter alone are sometimes affected. The sterility of 
the stamens is generally accompanied by a reduction 
in their size ; and we may feel sure, from a wide-spread 
analogy, that both the male and female organs would 
become rudimentary in the course of many genera- 
tions if they failed altogether to perform their proper 
functions. According to Gartner, * if the anthers on 
a plant are contabescent (and when this occurs it is 
always at a very early period of growth) the female 
organs are sometimes precociously developed. I 
mention this case as it appears to be one of com- 
pensation. So again is the well-known fact, that 
plants which increase largely by stolons or other such 
means are often utterly barren, with a large proportion 
of their pollen-grains in a worthless condition, 

Hildebrand has shown that with hermaphrodite 
plants which are strongly proterandrous, the stamens 
in the flowers which open first sometimes abort ; and 
this seems to follow from their being useless, as no 
pistils are then ready to be fertilised. Conversely 
the pistils in the flowers which open last sometimes 
abort ; as when they are ready for fertilisation all the 
pollen has been shed. He further shows by means of 
a series of gradations amongst the Composite, f that 
a tendency from the causes just specified to produce 
either male or female florets, sometimes spreads 
to all the florets on the same head, and sometimes 

* ‘Beltrage zur Kenntniss/ Ac. chap, xviii. — 2nd edit yoI. tLr 
p. 117 et sea. The whole subject pp. 146-56. 
of the sterility of plants from f ‘Ueber die Gesohlechtsvejv 
various causes has been discussed h&ltnisse bei den Compotdfcen, 
in my 4 Variation of Animals 1869, p. 69. 
and Plants under Domestication/ 
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even to the whole plant ; and in this latter case the 
species becomes dioecious. In those rare instances men- 
tioned in the Introduction, in which some of the indi- 
viduals of both monoecious and hermaphrodite plants 
are proterandrous, others being proterogynous, their 
conversion into a dioecious condition would probably be 
much facilitated, as they already consist of two bodies 
of individuals, differing to a certain extent in their 
reproductive functions. 

, Dimorphic heterostyled plants offer still more 
strongly marked facilities for becoming dioecious ; for 
they likewise consist of two bodies of individuals in 
approximately equal numbers, and what probably is 
more important, both the male and female organs 
differ in the two forms, not only in structure but in 
function, in nearly the same manner as do the repro- 
ductive organs of two distinct species belonging to 
the same genus. Now if two species are subjected to 
changed conditions, though of the same nature, it is 
notorious that they are often affected very differently ; 
therefore the male organs, for instance, in one form of 
a heterostyled plant might be affected by those un- 
known causes which induce abortion, differently from 
the homologous but functionally different organs in 
the other form ; and so conversely with* the female 
organs. Thus the great difficulty before alluded to is 
much lessened in understanding how any cause what- 
ever could lead to the simultaneous reduction and 
ultimate suppression of the male organs in half the 
individuals of a species, and of the female organs in 
the other half, whilst all were subjected to exactly* the 
same conditions of life. 

; That such reduction or suppression has occurred 
in some heterostyled plants is almost certain. The 
Rubiacea) contain more heterostyled genera than any 
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^ther family, and from their wide distributipn we may 
infer that many of them became heterostyled at a re* 
mote period, so that there will have been ample time for 
some of the species to have been since rendered dioe- 
cious. Asa Gray informs me that Coprosma is dioecious, 
and that it is closely allied through Nertera to Mitch- 
dla, which as we know is a heterostyled dimorphic 
species. In the male flowers of Coprosma the Btamens 
aire exserted, and in the female flowers the stigmas ; 
tfb that, judging from the affinities of the above three 
gjenera, it seems probable that an ancient short-styled 
form bearing long stamens with large anthers and 
lfcrge pollen-grains (as in the case of several Rubia- 
cpous genera) has been converted into the male Co- 
jirosma; and that an ancient long-styled form with short 
stamens, small anthers and small pollen-grains has 
Ween converted into the female form. But according 
t6 Mr. Meehan,* Mitcbella itself is dioecious in some 
districts ; for he says that one form has small sessile 
anthers without a trace of pollen, the pistil being 
perfect ; while in another form the stamens are perfect 
and the pistil rudimentary. Ho adds that plants 
may be observed in the autumn bearing an abundant 
crop of berries, and others without a single one. 
Should these statements be confirmed, Mitchella will 
be proved to be heterostyled in one district and 
dioecious in another. 

Asperula is likewise a Rubiaceous genus, and from 
the published description of the two forms of A . sco- 
paria, an inhabitant of Tasmania, I did not doubt that 
it was heterostyled; but on examining some flowers 
sent me by Dr. Hooker they proved to be dioecious. 
He male flowers have large anthers arid a very small 


1 Proc. Acad, of Sciences of Philadelphia/ July 28, 1868, p. 188. 
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ovarium, surmounted by a mere vestige of a stigma 
without any style ; whilst the female flowers possess 
a large ovarium, the anthers being rudimentary and 
apparently quite destitute of pollen. Considering 
how many Rubiaceous genera are heterostyled, it is a 
reasonable suspicion that this Asperula is descended 
from a heterostyled progenitor; but we should be 
cautious on this head, for there is no improbability in 
a homostyled Rubiaceous plant becoming dioecious. 
Moreover, in an allied plant, Galium crudatum , the 
female organs have been suppressed in most of the 
lower flowers, whilst the upper ones remain herma- 
phrodite; and here we have a modification of the 
sexual organs without any connection with hetero- 
sty lism. 

Mr. Thwaites informs me that in Ceylon various 
Rubiaceous plants are heterostyled ; but in the case 
of Discospermum one of the two forms is always 
barren, the ovary containing about two aborted ovules 
in each loculus ; whilst in the other form each loculus 
contains several perfect ovules; so that the species 
appears to be strictly dioecious. 

Most of the species of the South American genus 
JEgiphila, a member of the Verbenacece, apparently 
are heterostyled; and both Fritz Muller and myself 
thought that this was the case with M. obdurata , so 
closely did its flowers resemble those of the heterostyled 
species. But on examining the flowers, the anthers of 
the long-styled form were found to be entirely desti- 
tute of pollen and less than half the size of those in 
the other form, the pistil being perfectly developed. 
On the other hand, in the short-styled form the stig- 
mas are reduced to half their proper length, having 
also an abnormal appearance ; whilst the stamens are 
perfect. This plant therefore is dioecious; and we 
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may, I think, conclude that a short-styled progenitor, 
bearing long stamens exserted beyond the corolla, has 
been converted into the male ; and a long-styled pro- 
genitor with fully developed stigmas into the female. 

From the number of bad pollen-grains in the small 
anthers of the short stamens of the long-styled form 
of Puimonaria angustifolia , we may suspect that this 
form is tending to become female; but it does not 
appear that the other or short-styled form is becoming 
more masculine. Certain appearances countenance 
the belief that the reproductive system of Pldox subu- 
lata is likewise undergoing a change of some kind. 

I have now given the few cases known to me in 
which heterostyled plants appear with some consider- 
able degree of probability to have been rendered 
dicecious. Nor ought we to expect to find many such 
cases, for the number of heterostyled species is by no 
means large, at least in Europe, where they could 
hardly have escaped notice. Therefore the number of 
dicecious species which owe their origin to the trans- 
formation of heterostyled plants is probably not so 
large as might have been anticipated from the facilities 
which they offer for such conversion. 

In searching for cases like the foregoing ones, I have 
been led to examine some dicecious or sub-dioecious 
plants, which are worth describing, chiefly as they 
show by what fine gradations hermaphrodites may 
pass into polygamous or dicecious species. 

Polygamous, Dioecious and Sub-dioecious Plants . 

Euonymus Europaeus (Celastrinese). — The spindle-tree 
is described in all the botanical works which I have 
consulted as an hermaphrodite. Asa Gray speaks of 
the flowers of the American species as perfect, whilst 
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those in the allied genus Celaatms are Uid to be 
u polygamo-dio&cious.” If a number of bushes of our 
spindle-tree be examined, about half will be found to 
have stamens equal in length to the pistil, with well- 
developed anthers; the pistil being likewise to all 
appearance well developed. The other half have a 
perfect pistil, with the stamens short, bearing rudi- 
mentary anthers destitute of pollen; so that these 
bushes are females. All the flowers on the same plant 
present the same structure. The female corolla is 
smaller than that on the polleniferous bushes. The 
two forms are shown in the accompanying drawings. 


Fig. 12 



I did not at first doubt that this species existed 
tinder an hermaphrodite and female form ; but we shall 
presently see that some of the bushes which appear 
to be hermaphrodites never produce fruit, and these 
arc in fact males. The species, therefore, is poly- 
gamous in the sense in which I use the term, and tri- 
oicous. The flowers are frequented by many Diptera 
and some small Hymenoptera for the sake of the 
nectar secreted by the disc, but I did not see a single 
bee at work ; nevertheless the other insects sufficed to 
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fertilise effectually female bushes growing at a dis« 
tance of even 30 yards from any polleniferous bush. 

The small anthers borne by the short stamens of 
the female flowers are well formed and dehisce pro* 
perly, but I could never find in them a single grain 
of pollen. It is somewhat difficult to compare the 
length of the pistils in the two forms, as they vary 
• somewhat in this respect and continue to grow after 
the anthers are mature. The pistils, therefore, in old 
flowers on a polleniferous plant are often of consider- 
ably greater length than in young flowers on a female 
plant. On this account the pistils from five flowers 
from so many hermaphrodite or male bushes were 
compared with those from five female bushes, before 
the anthers had dehisced and whilst the rudimentary 
ones were of a pink colour and not at all shrivelled. 
These two sets of pistils did not differ in length, or if 
there was any difference those of the polleniferous 
flowers were rather the longest. In one hermaphrodite 
plant, which produced during three years very few 
and poor fruit, the pistil much exceeded in length 
the stamens bearing perfect and as yet closed an- 
thers; and I never saw such a case on any female 
plant. It is a surprising fact that the pistil in the 
male and in the semi-sterile hermaphrodite flowers 
has not been reduced in length, seeing that it per- 
forms very poorly or not at all its proper function. 
The stigmas in the two forms are exactly alike ; and 
in some of the polleniferous plants which never pro- 
duced any fruit I found that the surface of the stigma 
was viscid, so that pollen-grains adhered to it and had 
exserted their tubes. The ovules are of equal size 
in the two forms. Therefore the most acute botanist, 
judging only by structure, would never have suspected 
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that some of the bushes were in function exclusively 
males. 

Thirteen bushes growing near one another in a 
hedge consisted of eight females quite destitute of 
pollen and of five hermaphrodites with well-developed 
anthers. In the autumn the eight females were well 
covered with fruit, excepting one, which bore only a 
moderate number. Of the five hermaphrodites, one 
bore a dozen or two fruits, and the remaining four 
bushes several dozen ; but their number was as nothing 
compared with those on the female bushes, for a single 
branch, between two and three feet in length, from 
one of the latter, yielded more than any one of the 
hermaphrodite bushes. The difference in the amount 
of fruit produced by the two sets of bushes is all the 
more striking, as from the sketches above given it is 
obvious that the stigmas of the polleniferous flowers 
can hardly fail to receive their own pollen ; whilst the 
fertilisation of the female flowers depends on pollen 
being brought to them by flies and the smaller 
Hymenoptera, which are far from being such efficient 
carriers as bees. 

I now determined to observe more carefully during 
successive seasons some bushes growing in another 
place about a mile distant. As the female bushes 
were so highly productive, I marked only two of them 
with the letters A and B, and five polleniferous bushes 
with the letters C to G. I may premise that the 
year 1865 was highly favourable for the fruiting of all 
the bushes, especially for the polleniferous ones, some 
of which were quite barren except under such favour- 
able conditions. The season of 1864 was unfavourable. 
In 1863 the female A produced " some fruit in 1864 
only 9 ; and in 1865, 97 fruit The female B in 1863 
was “ covered with fruit in 1864 it bore 28 ; and in 
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1865 * innumerable very fine fruits.” I may add, 
that three other female, trees growing close by were 
observed, but only during 1863, and they then bore 
abundantly. With respect to the polleniferous bushes, 
the one marked 0 did not bear a single fruit during 
the years 1863 and 1864, but during 1865 it produced 
no less than 92 fruit, which, however, were very poor. 
I selected one of the finest branches with 15 fruit, and 
these contained 20 seeds, or on an average 1*33 per 
fruit I then took by hazard 15 fruit from an adjoin- 
ing female bush, and these contained 43 seeds ; that 
is more than twice as many, or on an average 2*86 
per fruit. Many of the fruits from the female bushes 
included four seeds, and only one had a single seed ; 
whereas not one fruit from the polleniferous bushes 
contained four seeds. Moreover when the two lots of 
seeds were compared, it was manifest that those from 
the female bushes were the larger. The second 
polleniferous bush, D, bore in 1863 about two dozen 
fruit, — in 1864 only 3 very poor fruit, each containing 
a single seed, — and in 1865, 20 equally poor fruit 
Lastly, the three polleniferous bushes, E, F, and ti, 
did not produce a single fruit during the three years 
1863, 1864, and 1865. 

We thus see that the female bushes differ somewhat 
in their degree of fertility, and the polleniferous ones 
in the most marked manner. We have a perfect 
gradation from the female bush, B, which in 1865 was 
covered with “ innumerable fruits,” — through the 
female A, which produced during the same year 97, — 
through the polleniferous bush C, which produced 
this year 92 fruits, these, however, containing a very 
low average number of seeds of small size, — through 
the bush D, iwhich produced only 20 poor fruit, — to 
the three bushes, E, F, and G, which did not this 
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year, or during the two previous years, produce a 
single fruit, If these latter bushes and the more 
fertile female ones were to supplajit the others, the 
spindle-tree would be as strictly dioecious in function 
as any plant in the world. This case appears to me 
very interesting, as showing how gradually an herma- 
phrodite plant may be converted into a dioecious one.* 
Seeing how general it is for organs which axe 
almost or quite functionless to be reduced in size, it is 
remarkable that the pistils of the polleniferous plants 
should equal or even exceed in length those of the 
highly fertile female plants. This fact formerly led 
me to suppose that the spindle-tree had onca been 
heterostyled ; the hermaphrodite and male plants hav- 
ing been originally long-styled, with the pistils' since 
reduced in length, but with the stamens retaining 
their former dimensions ; whilst the female plant had 
been originally short-styled, with the pistil in its pre- 
sent state, but with the stamens since greatly reduced 
and rendered rudimentary, A conversion of this kind 
is at least possible, although it is the reverse of 
that which appears actually to have occurred with 
some Rubiaceous genera and JEgiphila ; for with these 
plants the short-styled form has become the male, and 
the long-styled the female. It is, however, a more 
simple view that sufficient time has not elapsed for the 


* According to Fritz Muller 
ZeitUBg/ 1870, p. 151), a, 
Ohamisfcoa (Amarapthace®) in 
Southern Brazil is in nearly the 
same state as our EuoDynms. The 
ovrilee gre equally developed in the 


two forms. In the female the pistil 
is perfect, whilst the anthers are 
entirely destitute of pollen. In 
the poucsniferoiis form, the pistil 
short and the stigma# never 


separate from one another, so 
that, although their surfaces are 
covered with fairly welh-develdped 
papillae v they canuot be fertilised. 
These latter plants do riot com- 
monly yield any fruit, and are 
therefore in function male#. Never- 
theless, on one ocoasion Fritz 
M tiller found flowers of this kind in 
which the stignps had separated, 
and they produced some fruit. 
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reductidn of the pistil in the male and hermaphrodite 
flowers of our Euonygaus ; though this view does not 
account for the pistils in the pofleniferous flowers 
being sometimes longer than those in the female 
flowers. 

Fragaria vesoa , Virginiana , Chiloenm , &c, (Rosace®). 
— A tendency to the separation of the Sexes in the 
cultivated strawberry seems to be much more strongly 
marked in the United States than in Europe; and 
this appears to be the result of the direct action of 
climate on the reproductive organs. In the best ac- 
count which I have seen,* it is stated that many of the 
varieties in the United States consist of three forms, 
namely, females, which produce a heavy crop of fruit, — 
of hermaphrodites, which “ seldom produce other than 
a very scanty crop of inferior and imperfect berries,” 
— and of males, which produce none. The most skilful 
cultivators plant “ seven rows of female plants, then 
one row of hermaphrodites, and so on throughout the 
field.” The males bear large, the hermaphrodites 
mid-sized, and the females small flowers. The latter 
plants produce few runners, whilst the two other forms 
produce many; consequently, as has been observed 
both in England and in the United States, the polleni- 
ferous forms increase rapidly and tend to supplant 
the females. We may therefore infer that much more 
vital force’ is expended in the production of ovules 
and fruit than in the production of pollen. Another 
species, the Hautbois strawberry (F. elatior), is more 
strictly dioecious ; but Lindley made by selection as 
hermaphrodite stock.f 

Bhamnus catharticm (Rhamne®).— This plant is well 

* ' , 

* Mr. Leonard Wray in 1 Gard. information on this subject, eee 
Chron.’ 1861, p. 716. * Variation tinder Domestication/ 

f For references and further chap. x. 2nd edit. voL i. p. 375; 
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known to be dioecious. My son William found lie 
two sexes growing in about equal numbers in the Isle 
of Wight, and sent me specimens, together with obser- 
vations on them. Each sex consists of two sub-forms. 
The two forms of the male differ in their pistils: 
in some plants it is quite small, without auy distinct 
stigma ; in others the pistil is much more developed, 
with the papillae on the stigmatic surfaces moderately 
large. The ovules in both kinds of males are in an 
aborted condition. On my mentioning this case to Pro- 
fessor Caspary, he examined several male plants in 
the botanic gardens at Konigsberg, where there were 
no females, and sent me the accompanying drawings. 

Fig. 13. 

Long-styled male. Short-styled male. 




Rhmnaus catharticus. (From Caspary.) 

In the English plants the petals are not so greatly 
reduced as represented in this drawing. My son ob- 
served that those males which had their pistils mode- 
rately well developed bore slighly larger flowers, and, 
what is very remarkable, their pollen-grains exceeded 
by a little in diameter those of the males with greatly 
reduced pistils. This fact is opposed to the belief tMt 
the present species was once heterostyled ; for in this 
case it might have been expected that the shorter- 
styled plants would have had larger pollen-grains. 

In the female plants the stamens are in an ex- 
tremely rudimentary condition, much more so than 
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the pistils in the maleB. The pistil varies consi- 
derably in length in the female plants, so that they 
may be divided into two sub-forms according to the 

Fig. 14. 





Long-styled Short-styled 

female. female. 

RHAMNUB CATHART1CUS. 


length of this organ. Both the petals and sepals are 
decidedly smaller in the females than in the males ; 
and the sepals do not turn downwards, as do those of 
the male flowers when mature. All the flowers on the 
same male or same female bush, though subject to 
some variability, belong to the same sub-form ; and 
as my son never experienced any difficulty in decid- 
ing under which class a plant ought to be included, 
he believes that the two sub-forms of the same sex 
do not graduate into one another. I can form no 
satisfactory theory how the four forms of this plant 
originated. 

Bhamnus lanceolatus exists in the United States, 
as I am informed by Professor Asa Gray, under two 
hermaphrodite forms. In the one, which may be called 
the short-styled, the flowers are sub-solitary, and in- 
clude a pistil about two-thirds or only half as long as 
that in the other form ; it has also shorter stigmas. The 
stamens are of equal length in the two forms ; but the 
anthers of the short-styled contain rather less pollen, 
as far as 1 could judge from a few dried flowers. My 
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son compared the pollen-grains from the two forms, 
and those from the long-styled flowers were to those 
from the short-styled, on an average from ten mea- 
surements, as 10 to 9 in diameter ; so that the two 
hermaphrodite forms of this species resemble in this 
respect the two male forms of R. catharticns. The 
long-styled form is not so common as the short-styled. 
The latter is said by Asa Gray to be the more fruitful 
of the two, as might have been expected from its 
appearing to produce less pollen, and from the grains 
being of smaller size ; it is therefore the more highly 
feminine of the two. The long-styled form produces 
a greater number of flowers, which are clustered to- 
gether instead of being sub-solitary ; they yield some 
fruit, but as just stated are less fruitful than the other 
form, so that this form appears to be the more mas- 
culine of the two. On the supposition that we have 
here an hermaphrodite plant becoming dioecious, there 
are two points deserving notice : firstly, the greater 
length of the pistil in the incipient male form ; and 
we have met with a nearly similar case in the male 
and hermaphrodite forms of Euonymus compared with 
the females. , Secondly, the larger size of the pollen- 
grains in the more masculine flowers, which perhaps may 
be attributed to their having retained their normal size ; 
whilst those in the incipient female flowers have been 
reduced. The long-styled form of R. laneeolatm seems 
to correspond with the males of R. cathartitus which 
have a longer pistil and larger pollen-grains. Light 
will perhaps be thrown on the nature of the forms 
in this genus, as soon as the power of both kinds of 
pollen on both stigmas is ascertained. Several other 
species of Rhamnus are said to be dioecious* or sub* 

* Lecoq, * Geogr, Boi* tom. v. 1856, pp, 420-26. 
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dioecious. On the other hand, R.frangvfa is an ordi- 
nary hermaphrodite, for my son found a large number 
of bushes all bearing an equal profusion of fruit. ■ 

Epufsea repens (Ericaceae). — This plant appears to 
be in nearly the same state as Rhamnus eathartiem. 
It is described by Asa Gray* as existing under four 
forms. (1) With long style, perfect stigma, and short 
abortive stamens. (2) Shorter style, but with stigma 
equally perfect, short abortive stamens. These two 
female forms amounted to 20 per cent, of the speci- 
mens received from one locality in Maine; but all 
the fruiting specimens belonged to the first form, 
(3) Style long, as in No. 1, but with stigma im- 
perfect, stamens perfect. (4) Style shorter than in 
the last, stigma imperfect, stamens perfect. These 
two latter forms are evidently males. Therefore, as 
Asa Gray remarks, “the flowers may be classified 
into two kinds, each with two modifications ; the two 
main kinds characterised by the nature and perfection 
of the stigma, along with more or less abortion of 
the stamens; their modifications, by the length of 
the style.’* Mr. Meehan has described t the extreme, 
variability of the corolla and calyx in this plant, and 
shows that it is dioecious. It is much to be wished 
that the pollen-grains in the two male forms should 
be compared, and their fertilising power tried on the 
two female forms. 

Hex aquifolium (Aquifoliaceee). — In the several 
works which I have consulted, one author alone f says 
that the holly is dioecious. During several years^I 


* 4 American J ournal of Science/ 
July 1876. Alao 4 The American 
Naturalist/ 1876, p.490. 

t “Variations in Epigsea repent” 
4 Proo. Acad. Nat. fioo. of Phila- 


delphia,* May 1868, p. 153. 

I Vaucher, ‘Hist. Phys. fas 
Planter d'JEurope/ 1841, tom. ii. 
p. 11. 
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hare examined many plants, but have never found 
one that was really hermaphrodite. I mention this 
genus because the stamens in the female flowers,.al* 
though quite destitute of pollen, are but slightly and 
sometimes not at all shorter than the perfect stamens 
in the male flowers. In the latter the ovary is small 
and the pistil is almost aborted. The filaments of the 
perfect stamens adhere for a greater length to the 
petals than in the female flowers. The corolla of 
the latter is rather smaller than that of the male. 
The male trees produce a greater number of flowers 
than the females. Asa Gray informs me that J. opaca, 
which represents in the United States our common 
holly, appears (judging from dried flowers) to be in a 
similar state ; and so it is, according to Yaucher, with 
several other but not with all the species of the genus. 

Oyno-dicecious Plante. 

The plants hitherto described either show a tendency 
to become dioecious, or apparently have become so 
within a recent period. But the species now to be 
considered consist of hermaphrodites and females 
without males, and rarely show any tendency to 
be dioecious, as far as can be judged from their 
present condition and from the absence of species 
having separated sexes within the same groups. 
Species belonging to the present class, which I have 
called gyno-dicecious, are found in various widely 
distinct families ; but are much more common in the 
Labiate (as has long been noticed by botanists) 
in any other group. Such cases have been noticed 
by myself in Thymus serpyUvm and vulgaris , Satureia 
horterms, Origanum vulgare, and Mentha hirsuta ; and 
by others in Nepeta ghchoma, Mentha vulgaris and 
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aqwtica, and Prunella vulgaris. In these two latter 
speeies the female form, according to H. Muller, is 
infrequent. To these must be added Drwsocephahm 
Mddavicum, Melissa officinalis and dinipodivm, and 
Hyssopus officinalis.* In the two last-named plants the 
female form likewise appears to be rare, for I raised 
many seedlings of both, and all were hermaphrodites. 
It has already been remarked in the Introduction that 
andro-dicecious species, as they may be called, or those 
which consist of hermaphrodites and males, are ex- 
tremely rare, or hardly exist. 

Thymus serpyUum . — The hermaphrodite plants pre- 
sent nothing particular in the state of their reproduc- 
tive organs ; and so it is in all the following cases. The 
females of the present species produce rather fewer 
flowers and have somewhat smaller corollas than the 
hermaphrodites; so that near Torquay, where this 
plant abounds, I could, after a little practice, distin- 
guish the two forms whilst walking quickly past them. 
According to Yaucher, the smaller size of the corolla 
is common to the females of most or all of the above- 
mentioned Labiate. The pistil of the female, though 
somewhat variable in length, is generally shorter, 
with the margins of the stigma broader and formed 
of more lax tissue, than that of the hermaphrodite. 
The stamens in the female vary excessively in length ; 
they are generally enclosed within the tube of the 


* H. Muller, * Die Befruchtung 
der Blumen,’ 1878; and ‘Nature/ 
1873* p. 161. Vaucher, ‘ Plantes 
d' Europe/ tom. in. p. 611. For 
Draoocephalum, Schimper, as 

E ' 4 by Braun, * Annals and 
of Nat Hist’ 2nd series, vol. 
1856, p. 880. Lecoq, ‘Geo- 
graphic Bot de 1’Europe/ tom. viii. 
pp. 83, 38, 44, Ac. Both Yaucher 


and Leooq were mistaken in think- 
ing that several of the plants 
named in the text are dioecious. 
They appear to hare assumed that 
the hermaphrodite form was a 
male ; perhaps they were de- 
ceived by the pistil not becoming 
fully developed and of proper 
length until some time after the 
anthers have dehisced. 
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corolla, and their anthers do not contain any sound 
pollen ; but after long searched found a single plant 
with the stamen^ moderately exserted, and their 
anthers contained a very few full-sized grains, together ‘ 
with a multitude of minute empty ones. In some 
females the stamens are extremely short, and their 
minute “anthers, though divided into the two normal 
’cells or loculi, contained not a trace of pollen: in 
others again the anthers did not exceed in diameter 
the filaments which supported them, and were not 
divided into two loculi. Judging from what I have 
myself seen and from the descriptions of others, all 
the plants in Britain, Germany, and near Mentone, 
are in the state just described ; and I have never 
found a single flower with an aborted pistil. It is, 
therefore, remarkable that, according to Delpino,* this 
plant near Florence is generally trimorphic, consisting 
of males with aborted pistils, females with aborted 
stamens, and hermaphrodites. 

I found it very difficult to judge of the proportional 
ilumber of the two forms at Torquay. They often 
grow mingled together, but with large patches con- 
sisting of one form alone. At first I thought that the 
two were nearly equal in number ; but on examining 
every plant which grew close to the edge of a little 
overhanging dry cliff, about 200 yards in length* I 
found only 12 females; all the rest, some hundred# 
in number, being hermaphrodites. Again, on an 
extensive gently sloping bank, which was so thickly 
covered with this plant that, viewed from the distance, 
of half a mile it appeared of a pink colour, I could 
not discover a single female. Therefore the her-< 

* 1 Bull' Opera, la Distribuzicme H. MiUler, * Die Befruchtnng, 
del Sesfii Belle Painte, Ac.’ 1867, Ac./ p. 327. 
p. 7. With respect to Germany, 
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maphrodites must greatly exceed in number the 
females, kt least in the localities examined by me. 
A very dry station apparently favours the presence 
. of the female form. With some of the other above- 
named Labiate the nature of the soil or climate 
likewise seem£ to determine the presence of one or 
both forms; thus with Nepeta glechorria , Mr. Hart 
found in 1873 that all the plants which he examined 
near Derry in Ireland were females ; whilst all near 
Bath were hermaphrodites, and near Hertford both 
forms were present, but with a preponderance of 
hermaphrodites.* It would, however, be a mistake to 
suppose that the nature of the conditions determines 
the form independently of inheritance; for I sowed 
in the same small bed seeds of T. serpyllum s gathered 
at Torquay from the female alone, and these produced 
an abundance of both forms. There is every reason 
to believe, from large patches consisting of the same 
form, that the same individual plant, however much 
it may spread, always retains the same form. In two 
distant gardens I found masses of the lemon-thyme 
(T. citriodorus , a var. of T. serpyllum ), which I was 
informed had grown there during many years, and 
every flower was female. 

With respect to the fertility of the two forms, I 
marked at Torquay a large hermaphrodite and a large 
female plant of nearly equal sizes, and when the seeds 
were ripe I gathered all the heads. The two heaps 
were of very nearly equal bulk ; but the heads from 
the female plant numbered 160, and their seeds 
weighed 8*7 grains; whilst those from the her- 
maphrodite plant numbered 200, and their seeds 
weighed only 4*9 grains ; so that the seeds from the 


* ‘Nature,’ June 1873, p. 162. 
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■ Syimw mUffark.—ThB common g^f^i thyuie re- 
sembles in almost every respect 21 urpytlurfa The 
same slight differences between the stigmas of the 
two forms could be perceived. In the females the 
stamens are not generally quite so much reduced as 
in the same form, of T. serpyttum. In some specimens 
sent me from Mentone by Mr. Moggridge, together 
with the accompanying sketches, the anthers of the 


Fig. 15. 



female, though small, were well formed, but they con- 
tained very little pollen, and not a single sound grain 
could be detected. Eighteen seedlings were raised 
from purchased seed, sown in the same small bed; 
and these consisted of seven hermaphrodites and 
eleven females. They were left freely exposed to 
the visits of bees, and no doubt every female flower 
was fertilised; for on placing under the micro- 
scope a large number of stigmas from female plants, 
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88*7 grains; and those from the seven here»- 
phrodites 86 • 5 grains. This gives for an equal 
number of plants the ratio of 100 to 68 ; and we 
here see, as in the last case, how much more fertile 
the females are than the hermaphrodites. These two 
lots of seeds were sown separately in two adjoining 
beds, and the seedlings from both the hermaphrodite 
and female parent-plants consisted of both forms. 

ScUureia horteneie . — Eleven seedlings were raised in 
separate pots in a hotbed and afterwards kept in the 
green-house. They consisted of ten females and of 
a single hermaphrodite. Whether or not the condi- 
tions to which they had been subjected caused the great 
excess of females I do not know. In the females the 
pistil is rather longer than that of the hermaphrodite, 
and the stamens are mere rudiments, with minute 
colourless anthers destitute of pollen. The windows 
of the green-house were left open, and the flowers 
were incessantly visited by humble and hive bees. 
Although the ten females did not produce a single 
grain of pollen, yet they were all thoroughly well 
fertilised by the one hermaphrodite plant, and this 
is an interesting fact. It should be added that no 
other plant of this species grew in my garden. The 
seeds were collected from the finest female plant, 
and they weighed 78 grains ; whilst those from the 
hermaphrodite, which was a rather larger plant than 
the female, weighed only 33*2 grains ; that is, in the 
ratio of 100 to 43. The female form, therefore, is very 
much more fertile than the hermaphrodite, as in the two 
last cases ; but the hermaphrodite was necessarily self- 
fertilised, and this probably diminished its fertility. 
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* We may now consider the probable means by which 
so many of the Labiates hare been separated into two 
forms, and the advantages thus gained. H. Muller* 
supposes that originally some individuals varied so a s 
to produce more conspicuous flowers ; and that insects 
habitually visited these first, and then dusted with 
their pollen visited and fertilised the less conspicuous 
flowers. The production of pollen by the latter plants 
would thus be rendered superfluous, and it would be 
advantageous to the species that their stamens should 
abort, so as to save useless expenditure. They would 
thus be converted into females. But another view may 
be suggested : as the production of a large supply of 
seeds evidently is of high importance to many plants, 
and as we have seen in the three foregoing cases 
that the females produce many more seeds than the 
hermaphrodites, increased fertility seems to me the 
more probable cause of the formation and separation of 
the two forms. From the data above given it follows 
that ten plants df Thymus serpyttum, if half consisted 
of hermaphrodites and half of females, would yield 
seeds compared with ten hermaphrodite plants in the 
ratio of 100 to 72. Under similar circumstances the 
ratio with Satureia hortenm (subject to the doubt from 
the self-fertilisation of the hermaphrodite) would be as 
100 to 60. Whether the two forms originated in cer- 
tain individuals varying and producing more seed than 
usual, and consequently producing less pollen ; or in 
the stamens of certain individuals tending from some 
unknown cause to abort, and consequently producing 
more seed, it is impossible to decide; but in either 
case, if the tendency to the increased production of 
seed were steadily favoured, the result would be the 


‘Die Befruchtnng der Blomen,* pp. 819, 326. 
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complete abortion of the male organs. I shall pre- 
sently discuss the cause of the smaller size of the 
female corolla. 

Scabiosa arvensis (Dipsaceae).— It has been shown by H. Muller 
that this species exists in Germany under an hermaphrodite and 
female form.* In my neighbourhood (Kent) the female plants 
do not nearly equal in number the hermaphrodites. The stamens 
of the females vary much in their degree of abortion ; in some 
plants they are quite short and produce no pollen ; in others 
they reach to the mouth of the corolla, but their anthers are not 
half the proper size, never dehisce, and contain but few pollen- 
grains, these being colourless and of small diameter. The her- 
maphrodite flowers are strongly proterandous, and H. Miiller 
shows that, whilst all the stigmas on the same flower-head are 
mature at nearly the same time, the stamens dohisco one after 
the other ; so that thore iR a great excess of pollen, which serves 
to fertiliso the female plants. As the production of pollen by 
one set of plants is thus rendered superfluous, their male organs 
have becoma more or less completely aborted. Should it be 
hereafter proved that the female plants yield, as is probable, 
more seeds than the hermaphrodites, I should be inclined to 
extend the same view to this plant as to the Labiatfe. I have 
also observed the existence of two forms in our endemic 8. 
succinct, and in the exotic S . atro-pnrpurea . In the latter plant, 
differently to what occurs in 8 . arvemin , the female flowers, 
especially the larger circumferential ones, are smaller titan those 
of the hermaphrodite form. According to Lecoq, the female 
flower-heads of S. atenim* are likewise smaller titan those of 
what be calls the male plants, but which are probably her- 
maphrodites. 

Echiutn vtdyare (Boraginese).— The ordinary hermaplirodite 
* form appears to be proterandrous, and nothing more need be said 
about it. The female differs in having a much smaller corolla 
and shorter pistil, but a well-developed stigma. The stamens 


* * Befruchtung der B lumen,’ 
<kc~, p. 368. The two forms occur 
not only in Germany, but in 
England and France. Lecoq, 
(‘ Geographic But.* 1857, tom. vi. 
pp. 473, 477) says that male 
plants as well as hermaphrodites 


and female* co-exist ; it is, how- 
ever, possible that he may have 
been deceived by the flowers being 
so strongly proterandrous. From 
what Lecoq says, S. mcrim like- 
wise appears to occur under two 
forms in France. 


X 
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are short ; the anthers do not contain any sound pollen-grains, 
but in their place yellow incoherent cells which do not swell 
in water. Some plants were in an intermediate condition; that 
is, had one or two or three stamens of proper length with per- 
fect anthers, the other stamens being rudimentary. In one such 
plant half of one anther contained green perfect pollen-grains, 
and the other half yellowish-green imperfect grains. Both forms 
produced seed, but I neglected to observe whether in equal 
numbers. As I thought that the state of the anthers might be 
due to some fungoid growth, I examined them both in the bud 
and mature state, but could find no trace of mycelium. In 1862 
many female plants were found ; and in 1864, 32 plants were 
collected in two localities, exactly half of which were hermaphro- 
dites, fourteen were females, and two in an intermediate con- 
dition. In 1866, 15 plants were collected in another locality, 
and these consisted of four hermaphrodites and eleven females. 

1 may add that this season was a wet one, which shows that the 
abortion of the stamens can hardly be due to the dryness of the 
sites where the plants grew, as I at one time thought pro- 
bable. Seeds from an hermaphrodite were sown in my garden, 
and of the 23 seedlings raised, one belonged to the intermediate 
form, all the others being hermaphrodites, though two or three 
of them had unusually short stamens. I have consulted several 
botanical works, but have found no record of this plant varying 
in the manner here described. 

Plantayo lancedata (Plantaginea). — Delpino states that this 
plant presents in Italy three forms, wliich' graduate from an 
anemophilous into an entomophilous condition. According to 
H. Muller, * thoro are only two forms in Germany, neither of 
which show any special adaptation for insect fertilisation, and 
both appear to be hermaphrodites. But I have found in two 
localities in England female and hermaphrodite forms existing 
together ; and the same fact has been noticed by others.t The 
females are less frequent than the hermaphrodites ; their stamens 
are short, and their anthers, which are of a brighter green 
whilst young than those of the other form, dehisce properly, yet 
contain either no pollen, or a small amount of imperfect grains 
of variable size. All the flower-heads on a plant belong to 

* ‘Die Befruchtung,’ p. Gardener's Chronicle/ 1864, p. 294. 

342. Mr. W. Marshall writes to me to 

t Mr. C. W. Crocker in * The the same effect from Ely. 



Chap. VII. SIZE OF THE COROLLA. 307 

the same form. It is well known that this species is strongly 
proterogynous, and I found that the protruding stigmas of both 
the hermaphrodite and female flowers were penetrated by pollen- 
tubes, whilst their own anthers were immature and had not 
escaped out of the bud. Plantoyo media does not present two 
forms; but it appears from Asa Gray’s description,* that such 
is the case with four of the North American species. The co- 
rolla does not properly expand in the short-stamenod form of 
these plants. 

Cnicus , Serratula> Eriophorum, — In the Composite, Cnicttn 
pcdvstris and acatdis are said by Sir J‘. E. Smith to exist as her- 
maphrodites and females, the former being the more frequent. 
With Serratula tinctoria a regular gradation may be followed 
from the hermaphrodite to the female form ; in one of the latter 
plants the stamens were so tall that the anthers embracod the 
style as in the hermaphrodites, but they contained only a few 
grains of pollen, and these in an aborted condition; in an- 
other female, on the other hand, the anthers were much more 
reduced in size than is usual. Lastly, Dr. Dickie has shown 
that with Eriophorum any usti folium (Cyperaceoe) hermaphro- 
dite and female forms exist in Scotland and the Arctic regions, 
both of which yield seed, t 

It is a curious fact that in all the foregoing poly- 
gamous, dioecious, and gyno-dioecious plants in which 
any difference has been observed in the size of the 
corolla in the two or three forms, it is rather larger in 
the females, which have their stamens more or less or 
quite rudimentary, than in the hermaphrodites or males. 
This holds good with Euonymus, Rhamnus catharticus, 
Ilex, Eragaria, all or at least most of the before-named 
Labiates, Scabicm airo-purpurea, and Echium vulgare . 
So it is, according to Von Mohl, with Cardamine 


* ‘Manual of the Bjtany of 
the N. United States,' 2nd edit. 
3856, p. 269. See also * American 
Journal of Science/ Nov. 1862, 
p. 419, and * Proc. American 
Academy of Science,* Oct. 14, 


1862, p. 53. 

t Sir J. E. Smith, ' Trans. 
Linn. Soc.* vol. xiii. p. 599. 
Dr. Dickie, 4 Journal Linn. Soc. 
Bot* vol. ix. 1865, p. 161. 

x 2 
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arnara , Germium sylwticwn, MyosotU, and Salvia. 
On the other Jiand, as Yon Mohl Remarks, when a 
plant produces hermaphrodite flowers and others 
which are males owing to the more or less complete 
abortion of the female organs, the corollas of the 
males are not at all increased in size, or only excep- 
tionally and in a slight degree, as in Acer.* It seems 
therefore probable that the decreased size of the female 
corollas in the foregoing cases is due to a tendency to 
abortion spreading from the stamens to the petals. We 
see how intimately these organs are related in double 
flowers, in which the stamens are readily converted 
into petals. Indeed some botanists believe that petals 
do not consist of leaves directly metamorphosed, but of 
metamorphosed stamens. That the lessened size of the 
corolla in the above case is in some manner an indirect 
result of the modification of the reproductive organs is 
supported by the fact that in Bhamnus catharticus not 
only the petals but the green and inconspicuous sepals 
of the female have been reduced in size ; and in the 
strawberry the flowers are largest in the males, mid- 
sized in the hermaphrodites, and smallest in the fe- 
males. These latter cases, — the variability in the size 
of the corolla in some of the above species, for instance 
in the common thyme, — together with the fact that it 
never differs greatly in size in the two forms— make 
me doubt much whether natural selection has come 
into play; — that is whether, in accordance with H. 
Muller’s belief, the advantage derived from the pol- 
leniferous flowers being visited, first by insects has 
been sufficient to lead to a gradual reduction of the 
corolla of the female. We should bear in mind that as 
the hermaphrodite is the normal form, its corolla has 


*Bot Zeitnng,’ 18G3, p. 326. 
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probably retained its original size.* An objection to 
the above view should not be passed over ; namely, that 
the abortion of the stamens in the females ought to 
have added through the law of compensation to the 
size of the corolla ; and this perhaps would have oc- 
curred, had not the expenditure saved by the abor- 
tion of the stamens been directed to the female repro- 
ductive organs, so as to give to this form increased 
fertility. 

* It does not appear to me males serves to protect their pollen 
that Earner's view (* Die Schutz- from rain. In the genus Thymus, 
mittel des Pollens,’ 1873, p. 56) for instance, the aborted anthers 
can be accepted in the present of the female are much better 
cases, namely that the larger protected than the perfect oneB of 
corolla in the hermaphrodites and the hermaphrodite. 
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CHAPTER yin. 

Cleistogamic Flowers. 

General character of cleistogamic flowers — List of the genera producing 
such flowers, and their distribution in the vegetable series — Viola, 
description of the cleistogamic flowers iu the severul species, their 
fertility compared witii that of the perfect flowers — Oxalis 
acetosella— O. sensitiva, three forms of cleistogamic flowers — Van- 
dellia — Ononis — Impatiens — Drosera — Miscellaneous observations 
on various other cleistogamic plants — Anemophilous species produc- 
ing cleistogamic flowers— Leersia, perfect flowers rarely developed 
— Summary and concluding remarks on the origin of cleistogamic 
flowers— The chief conclusions which may be drawn from the 
observations in this volume. 

It was known even before the time of Linnaeus that 
certain plants produced two kinds of flowers, ordi- 
nary open, and minute closed ones; and this fact 
formerly gave rise to warm controversies about the 
sexuality of plants. These closed flowers have been 
appropriately named cleistogamic by Dr. Kuhn.* 
They are remarkable from their small size and from 
never opening, so that they resemble buds ; their petals 
are rudimentary or quite aborted ; their stamens are 
often reduced in number, with the anthers of very 
small size, containing few pollen-grains, which have 
remarkably thin transparent coats, and generally emit 
their tubes whilst still enclosed within the anther- 
cells ; and, lastly, the pistil is much reduced in size, 
with the stigma in some cases hardly at all developed. 
These flowers do not secrete nectar or emit any odour; 
from their small size, as well as from the corolla being 
rudimentary, they are singularly inconspicuous. Con- 


* * Bot Zextaug,’ 1867, p. 66. 
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sequently insects do not visit them ; nor if they did, 
could they find an entrance. Such flowers are therefore 
invariably self-fertilised ; yet they produce an abund- 
ance of seed. In several cases the young capsules 
bury themselves beneath the ground, and the seeds 
are there matured. These flowers are developed before, 
or after, or simultaneously with the perfect ones. 
Their development seems to be largely governed by 
the conditions to which the plants are exposed, for 
during certain seasons or in certain localities only 
cleistogamic or only perfect flowers are produced. 

Dr. Kuhn, in the article above referred to, gives a 
list of 44 genera including species which bear flowers 
of this kind. To this list I have added several and 
omitted some genera, from reasons given in a foot- 
note and in the preface to this second edition. But 
it is by no means easy to decide in all cases whether 
certain flowers ought to be ranked as cleistogamic. 
For instance, Mr. Beritham informs me that in the 
South of France some of the flowers on the vine do 
not fully open and yet set fruit; and I hear from 
two experienced gardeners that this is the case with 
the vine in our hot-houses; but as the flowers do 
not appear to be completely closed it would be im- 
prudent to consider them as cleistogamic. The 
flowers of some aquatic and marsh plants, for in- 
stance of Ranunculus aquatilis , Alisma natans , Subu- 
laria, Illecebrum, Menyanthes, and Euryale,* re- 
main closely shut as long as they are submerged, 
and in this condition fertilise themselves. They 

* Delpino, 4 Sail* Opera, la Distri- vol. Hi. 1825, p. 157. For the 
busrione del Ses#i nolle Plante,’ St c. behaviour of Menyanthes in Russia 
1867, p. 30. Subularia, however, see GUlihert in 4 Aot. Acad. St Pe- 
some tunes has its flowers fully tersb.,* 1777, part il. p. 45, — On 
expanded beneath the water, see Euryale, * Gardener’s Chronicle,’ 
Sir J. E. Smith, 4 English Flora,’ 1877, p. 280. 
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behave in this manner, apparently as a protection 
to their pollen, and produce open flowers when ex- 
posed to the air; so that these cases seem rather 
different from those of true cleistogamic flowers, and 
have not been included in the list. Again, the flowers 
of some plants which are produced very early or very 
late in the season do not properly expand ; and these 
might perhaps be considered as incipiently cleisto- 
gamic ; but as they do not present any of the remark- 
able peculiarities proper to the class, and as I have 
not found any full record of such cases, they are not 
entered in the list. When, however, it is believed on 
fairly good evidence that the flowers on a plant in its 
native country do not open at any hour of the day or 
night, and yet set seeds capable of germination, these 
may fairly be considered as cleistogamic, notwith- 
standing that they present no peculiarities of struc- 
ture. I will now give as complete a list of the genera 
containing cleistogamic species as I have been able 
to collect. 

Table 88. 

List of Genem including Cleistogamic Species (chiefly after Kuhn).* 


DICOTYLEDONS. 
Eritrichium (Boragmcce). 
Lithoepenxnim „ 

Collomia (Poleraoniacefe). 
Cuscuta (Convolvulaceu*). 
Scrophularia ('’ ' 'nea ;). 

Linaria 
Vandellia 


DICOTYLEDONS. 
Eranthemaro (Acanthacece). 
Daedalacanthuo „ 

JEchmanthera „ 

Ruellia „ 

Lamiura (Labiat©). 

Salvia „ 

Oxybaphus (Nyctagineae). 


* I have omitted 1 mfatfitin 
the list, bocause Uor IlMCeUo 
(‘Journal Linn. Soc -J&r'vol. xi. 
1870, p. 254) observed this plant 
in Brazil, and could never find 
cleiatogamic flowers. Plantago 
has been omitted because as far as 
I can discover it produces only 
hermaphrodite and female flower- 
heads. 


I have added to the list the fol- 
lowing cases: some Acaiithacesa, 
for which see J. Scott in 1 Journal 
of Bot.’ (London), new series, vol. 
i. 1872, p. 161. With respect to 
Salvia see Dr. Asehteson in 1 Bot. 
Zeitung,’ 1871. p. 555. For Oxy- 
btiphus and Nyctaginia see Asa 
Gray in * America.! Nattfralitt,’ 
Nov, lb73, p. 692. From Dr. 
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Table 88— oonftnued.. 


DICOTYLEDONS. 
Nyctagiaia (Nyctaginea), 
Stapelia (Asclepi&da). (?) 
Specular* (Campauultce®). 
Campanula „ 

Hottonia (Primulace®). 

Anandria (Composit«). 
Card&mine (Cruei ferae), 

Viola (Violaoea). 

Helianthemum (Cistine®). 

Lochea „ 

Pavonia (Malvaceae). 
Gaudichaudia (Malpighiace®). 
Aapicarpa „ 

Cam area „ 

Janusia „ 

Polygala (Polygale®). 
Kfaacheninikovia (Caryopbylle®). 
Cerostium * „ 

Polycarpon » 

Impatiens (Balsaminerc). 

Oxalis (Geraniacea). 

Dalibarda (Ronaceac). 

Ammannia (Lythraceae). 

Ononis (Leguminosa). 
Parochatus „ 

lrifolinm „ 

Lespedeza „ 

Vicia „ 


DICOTYLEDON*. 
Lathyrus (Legnmi&osa). 
Martinsia veil 


Amphicarpffia „ 

Glycine „ 

Galaotia ,, 

Voandzeia „ 

Drosera (DroeeTace®). 

HONOCXJTYLBMgfc 
Juncua (J^ffee®)* 

Leersia (Gramine*), 
Hordeum „ 

Ciyptostachys „ 

Milium ff 

Danthonla „ 

Vilfa „ 

Diplachne „ 

Commelina (Commeline®). 
Monochoria (Puntederacea). 
Schomburgkia (Orchide®). 
Cattleya „ 

Epidendron „ 

Thelymitra „ 

Maxillaria „ 

Vanda „ 

Polysfcachya „ 


The first poin^ that strikes us in considering this 
list of 67 genera, is that they are very widely distri- 


Toney's acoount of Hottonia 
infiata 0 Bull, of Torroy Botan. 
Qub,' vol. ii. June 1871) it is 
manifest that this plant produces 
true eleiatogamic flowers. For 
Pavonia see Bouchd in ( Sitzungs- 
beriehte d. Geaellbch. Natur. 
Freunde,’ Oct. 20, 1874, p. 90. I 
have added Thelymitra, as from the 
account given by Mr. Fitzgerald in 
his magnificent work on 4 Austra- 
lian Orchids ’ it appears that the 
flowers of tills plant in its native 
home never open, but they do not 
appear to be reduced in size. Nor 


is this the case with the flowers of 
certain species of Epidendron, 
Cattleya, <kc. (see second edition 
of my ‘ Fertilisation of Orchids,' 
p. 147), which without expanding 
produce capsules. It is therefore 
doubtful whether these Orahideis 
ought to be included in the 
list. From what DuvaWouvesays 
about Cryptostachys in * Bull. Boo. 
Bot. de France,' tom. x. 1868, p. 
195, this plant appears to produce 
ddstog&xnic flowers. The other 
additions to the list we not i ced 
in my text and in the Prefece. * 
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buted in the vegetable series* They are more common 
in the family of the Leguminosee than in any other, 
and next in that of the Gramme® and Orchide®. 
A large number, but not all the species, in certain 
genera, as of Oxalis and Viola, bear cleistogamic as 
well as ordinary flowers. A second point which de- 
serves notice is that a considerable proportion of the 
genera produce more or less irregular flowers ; this is 
the case with about 32 out of the 67 genera, but to 
this subject I shall recur. 

I formerly made many observations on cleistogamic 
flowers, but only a few of them are worth giving, 
since the appearance of an admirable paper by Hugo 
von Mohl,* whose examination was in some respects 
much more complete than mine. His paper includes 
also an interesting history of our knowledge on the 
subject. 

Viola canina . — The calyx of the cleistogamic flowers 
differs in no respect from that of the perfect ones. The 
petals are reduced to five minute scales ; the lower one, 
which represents the lower lip, is considerably larger 
than the others, but with no trace of the spur-like 
nectary ; its margins are smooth, whilst those of the 
other four scale-like petals are papillose. D. Muller of 
Upsala says that in the specimens which he observed 
the petals were completely aborted.f The stamens are 
very small, and only the two lower ones are provided 
with anthers, which do not cohere together as in the 
perfect flowers. The anthers are minute, with the two 
cells or loculi remarkably distinct ; they contain very 
little pollen in comparison with those of the perfect 
flowers. The connective expands into a membranous 

* ‘Bat Zeittrag,* 1863, p. 809- paper contains the first full and 
28. satisfactory account of any deisto* 

t Ibid. 1857, p. 730. This gamic flower. 
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hood-like shield which projects above the anther-cells. 
These two lower stamens have no vestige of the carious 
appendages which secrete nectar in the perfect flowers. 
The three other stamens are destitute of anthers and 
have broader filaments, with their terminal membran- 
ous expansions flatter or not so hood-like as those of 
the two antheriferous stamens. The pollen-grains have 
remarkably thin transparent coats; when exposed to 
the air they shrivel up quickly ; when placed in water 
they swell, and are then f gj# of an inch in diameter, 
and therefore of smaller size than the ordinary pollen- 
grains similarly treated, which have a diameter of 
°f an inch. In the cleistogamic flowers, the 
pollen-grains, as far as I could see, never naturally fall 
out of the anther-cells, but emit their tubes through a 
pore at the upper end. 1 was able to trace the tubes 
from the grains some way down the stigma. The pistil 
is very short, with the style hooked, so that its ex- 
tremity, which is a little enlarged or funnel-shaped 
and represents the stigma, is directed downwards, 
being covered by the two membranous expansions of 
the antheriferous stamens. It is remarkable that there 
is an open passage from the enlarged funnel-shaped 
extremity to within the ovarium ; this was evident, as 
slight pressure caused a bubble of air, which had been 
drawn in by some accident, to travel freely from one 
end to the other : a similar passage was observed by 
Michalet in V. alba. The pistil therefore differs con- 
siderably from that of the perfect flower ; for in the 
latter it is much longer, and straight with the excep- 
tion of the rectangularly bent stigma ; nor is it per- 
forated by an open passage. 

The ordinary or perfect flowers have been said by 
some authors never to produce capsules ; but this is an 
error, though only a small proportion of them deso. 
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This appears to depend in Borne cases on their anthers 
not containing even a trace of pollen, but more gene- 
rally on bees not -visiting the flowers. I twice covered 
with a net a group of flowers, and marked with threads 
twelve of them which had not as yet expanded. This 
precaution is necessary, for though as a general rule 
the perfect flowers appear considerably before the 
cleistogamic ones, yet occasionally some of the latter 
are produced early in the season, and their capsules 
might readily be mistaken for those produced by the 
perfect flowers. Not one of the twelve marked perfect 
flowers yielded a capsule, whilst ethers under the net 
which had been artificially fertilised produced five 
capsules ; and these contained exactly the same aver- 
age number of seeds as some capsules from flowers 
outside the net which had been fertilised by bees. I 
have repeatedly seen Bombm hortorvm, lapidarius, and 
a third species, as well as hive-bees, sucking the 
flowers of this violet : I marked six which were thus 
visited, and four of them produced fine capsules ; the 
two others were gnawed off by some animal. I 
watched Bombm hortorum for some time, and when- 
ever it came to a flower which did not stand in a con- 
venient position to be sucked, it bit a hole through the 
spur-like nectary. Such ill-placed flowers would not 
yield any seed or leave descendants ; and the plants 
hearing them would thus tend to be eliminated through 
natural selection. 

The seeds produced by the cleistogamic and perfect 
flowers do not differ in appearance or number. On 
two occasions I fertilised several perfect flowers with 
pollen from other individuals, and afterwards marked 
some cleistogamic flowers on the same plants; and the 
result was that 14 capsules produced by the perfect 
flowers contained on an average 9 '85 seeds; and. 17 
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capsules from the oleistogamic ones contained 9*64 
seeds, — an amount of difference of no significance. It 
is remarkable how much more quickly the capsules 
from the oleistogamic flowers are developed than those 
from the perfect ones; for instance, several perfect 
flowers were cross-fertilised on April 14th, 1863, and a 
month afterwards (May 15th) eight young oleistogamic 
flowers were marked with threads ; and when the two 
sets of capsules thus produced were compared on 
June 3rd, there was scarcely any difference between 
them in size. 

Vida odorata (white-flowered, single, cultivated va- 
riety). — The petals are represented by mere scales as 
in the last species ; but differently from in the last, 
all five stamens are provided with diminutive anthers. 
Small bundles of pollen-tubes were traced from the 
five anthers into the somewhat distant stigma. The 
capsules produced by these flowers bury themselves in 
the soil, if it be loose enough, and there mature them- 
selves.* Lecoq says that it is only these latter cap- 
sules which possess elastic valves ; but I think this 
must be a misprint, as such valves would obviously be 
of no use to the buried capsules, but would serve to 
scatter the seeds of the sub-aerial ones, as in the other 
species of Viola. It is remarkable that this plant, ac- 
cording to Delpino,t does not produce cleistogamic 
flowers in one part of Liguria, whilst the perfect flowers 
are there abundantly fertile; on the other hand, 
cleistogamic flowers are produced by it near Turin. 
Another fact is worth giving as an instance of corre- 


♦ Vaucher Bays (‘Hist. Phys. des tom. v. 1S36, p. ISO. 

Plantes d’ Europe torn, lit 1844, f ‘Bull* Opera, la Di&tribuzione 
p. 369 ) that V. hirta and ooUina dei Seusi nelie Plante,* &c., 1807, 
likewise bury their capsules.— p. 80. 

See »1bo Leooq, * Geograph. But* 
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lated development: I found on a purple variety, 
after it had produced its perfect double flowers, and 
whilst the white single variety was bearing its cleisto- 
gamic flowers, many bud-like bodies which from their 
position on the plant were certainly of a cleistogamic 
nature* They consisted, as could be seen on bisecting 
them, of a dense mass of minute scales closely folded 
over one another, exactly like a cabbage-head in 
miniature. I could not detect any stamens, and in the 
place of the ovarium there was a little central column. 
The doubleness of the perfect flowers had thus spread 
to the cleistogamic ones, which therefore were ren- 
dered quite sterile. 

Viola hirta . — The five stamens of the cleistogamic 
flowers are provided, as in the last case, with small 
anthers, from all of which pollen-tubes proceed to the 
stigma. The petals are not quite so much reduced 
as in F. canina , and the short pistil instead of being 
hooked is merely bent into a rectangle. Of several 
perfect flowers which I saw visited by hive- and humble- 
bees, six were marked, but they produced only two 
capsules, some of the others having been accidentally 
injured. M. Monnier was therefore mistaken in this 
case as in that of F. odorata, in supposing that the 
perfect flowers always withered away and aborted. He 
states that the peduncles of the cleistogamic flowers 
curve downwards and bury the ovaries beneath the 
soil* I may here add that Fritz Muller, as I hear 
from his brother, has found in the highlands of South- 
ern Brazil a white-flowered species of violet which 
bears subterranean cleistogamic flowers. 

* These statements are taken to the supposed sterility of the 
from Professor Oliver’s excellent perfect flowers in this genus see 
article in the * Nat Hist. Review,’ also Timbal-Lagrave in ‘ Bot 
July 1862, p. 288. With respect Zeitung/ 1854, p. 772. 
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■ Viola nma. — Mr. Scott sent me seeds of this Indian 
species from the Sikkim Terai, from which I raised 
many plants, and from these other seedlings during 
several successive generations. They produced an 
abundance of cleistogamic flowers during the whole of 
each summer, but never a perfect one. When Mr. Scott 
wrote to me his plants in Calcutta were behaving simi- 
larly, though his collector saw the species in flower in 
its native site. This case is valuable as showing that 
we ought not to infer, as has sometimes been done, 
that a species does not bear perfect flowers when grow- 
ing naturally, because it produces only cleistogamic 
flowers under culture. The calyx of these flowers is 
sometimes formed of only three sepals ; two being 
actually suppressed and not merely coherent with the 
others; this occurred with five out of thirty flowers 
which were examined for this purpose. The petals are 
represented by extremely minute scales. Of the sta- 
mens, two bear anthers which are in the same state as 
in the previous species, but, as far as I could judge, 
each of the two cells contained only from 20 to 25 de- 
licate transparent pollen-grains. These emitted their 
tubes in the usual manner. The three other stamens 
bore very minute rudimentary anthers, one of which 
was generally larger than the other two, but none of 
them contained any pollen. In one instance, however, 
a single cell of the larger rudimentary anther in- 
cluded a little pollen. The style consists of a short 
flattened tube, somewhat expanded at its upper end, 
and this forms an open channel leading into the 
ovarium, as described under F. canina. It is slightly 
bent towards the two fertile anthers. 

Vida Boxburghiana . — This species bore in my hot- 
house during two years a multitude of cleistogamic 
flowers, which resembled in all respects those of the 
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last species ; bat no perfect ones were produced. Mr. 
Scott informs me that in India it bears perfect flowers 
only during the cold season, and that these are quite 
fertile. During the hot, and more especially during 
the rainy season, it bears an abundance of cleisto- 
gamic flowers. 

Many other species, besides the five now described, 
produce cleistogamic flowers ; this is the case, accord* 
ing to D. Muller, Michalet, Yon Mohl, and Hermann 
Mfiller, with F elatior, lancifolia, sylvatica, palustris, 
mirabilis, bicolor, ionodimt, and bijlora. But V. tricolor 
does not produce them. 

Michalet asserts that F palustris produces near 
Paris only perfect flowers, which are quite fertile ; but 
that when the plant grows on mountains cleistogamic 
flowers are produced ; and so it- is with F. bijlora. 
The same author states that he has seen in the case 
of F. oJha flowers intermediate in structure between 
the perfect and cleistogamic ones. According to M. 
Boisduval, an Italian species, F. Ruppii, never bears 
in France “ des fleurs bien apparentes, ce qui ne l’em- 
peche pas de fructifier.” 

It is interesting to observe the gradation in the 
abortion of the parts in the cleistogamic flowers of 
the several foregoing species. It appears from the 
statements by D. Muller and Von Mohl that in F mi- 
rabilis the calyx does not remain quite closed ; all five 
stamens are provided with anthers, and some pollen- 
grains probably fall out of the cells on the stigma, 
instead of protruding their tubes whilst still enclosed, 
as in the other species. In V. hirta all five sta- 
mens are likewise antheriferous ; the petals are not 
so much reduced and the pistil not so much modified 
as in the following species. In F. nana and elatior 
only two of the stamens properly bear anthers, but 
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sometimes one or even two of the others are thus pro- 
vided. Lastly, in K canina never more than two of 
the stamens, as far as I have seen, bear anthers ; the 
petals are much more reduced than in F. hirta, and 
according to D. Muller are sometimes quite absent 
Oxalis acetoseUa . — The existence of cleistogamie 
flowers on this plant was discovered by Miehalet.* 
They have been fully described by Yon Mohl, and I 
can add hardly anything to his description. In my 
specimens the anthers of the five longer stamens were 
nearly on a level with the stigmas ; whilst the smaller 
and less plainly bilobed anthers of the five shorter 
stamens stood considerably below the stigmas, so that 
their tubes had to travel some way upwards. Ac- 
cording to Miehalet these latter anthers are some- 
times quite aborted. In one case the tubes, which 
ended in excessively fine points, were seen by me 
stretching upwards from the lower anthers towards 
the stigmas, which they had not as yet reached. My 
plants grew in pots, and long after the perfect flowers 
had withered they produced not only cleistogamie but 
a few minute open flowers, which were in an inter- 
mediate condition between the two kinds. In one of 
these the pollen-tubes from the lower anthers had 
reached the stigmas, though the flower was open. 
The footstalks of the cleistogamie flowers are much 
shorter than those of the perfect flowers, and are so 
much bowed downwards that they tend, according to 
Yon Mohl, to bury themselves in the moss and dead 
leaves on the ground. Miehalet also says that they 
are often hypogean. In order to ascertain the num- 
ber of seeds produced by these flowers, I marked eight 
of them ; two failed, one cast its seed abroad, and the 


* ‘Boll. Soc. Bot. de France/ tom. vii. I860, p. 465* 
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remaining five contained on an average 10*0 seeds 
per capsule. This is rather above the average 9*2, 
which eleven capsules from perfect flowers fertilised 
with their own pollen yielded, and considerably above 
the average 7*9, from the capsules of perfect flowers 
fertilised with pollen from another plant; but this 
latter result must, 1 think, have been accidental. 

Hildebrand, whilst searching various Herbaria, ob- 
served that many other species of Oxalis besides 0. 
acetosella produce cleistogamic flowers;* and I hear 
from him that this is the case with the heterostyled 
trimorphic 0. incarnala from the Cape of Good Hope. 

Oxalis (Biophytum) sensitiva . — This plant is ranked 
by many botanists as a distinct genus, but as a sub- 
genus by Bentham and Hooker. Many of the early 
flowers on a mid-styled plant in my hot-house did not 
open properly, and were in an intermediate condition 
between cleistogamic and perfect. Their petals varied 
from a qaere rudiment to about half their proper size ; 
nevertheless they produced capsules. I attributed 
their state to unfavourable conditions, for later in the 
season fully expanded flowers of the proper size ap- 
peared. But Mr. Thwaites afterwards sent me from 
Ceylon a number of long-styled, mid-styled, and short- 
styled flower-stalks preserved in spirits; and on the 
same stalks with the perfect flowers, some of which were 
fully expanded and others still in bud, there were 
small bud-like bodies containing mature pollen, but 
with their calyces closed. These cleistogamic flowerS 
do not differ much in structure from the perfect ones 
of the corresponding form, with the exception that 
their petals are reduced to extremely minute, barely 
visible scales, which adhere firmly to the rounded 


* Mon&Uberit'ht der Akad. der Wist, zu Berlin, 9 1866, p. 869. 
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bases of the shorter stamens. Their stigmas are mttch 
less papillose, and smaller in about the ratio of 13 to 
20 divisions of the micrometer, as measured trans- 
versely from apex to apex, than the stigmas of the 
perfect flowers. The styles are furrowed longitudinally, 
and are clothed with simple as well as glandular hairs, 
but only in the cleistogamic flowers produced by the 
long-styled and mid-styled forms. The anthers of the 
longer stamens are a little smaller than the correspond- 
ing ones of the perfect flowers, in about the ratio of 
11 to 14. They dehisce properly, but do not appear 
to contain much pollen. Many pollen-grains were 
attached by short tubes to the stigmas ; but many 
others, still adhering to the anthers, had emitted 
their tubes to a considerable length, without having 
come in contact with the stigmas. Living plants 
ought to be examined, as the stigmas, at least of the 
long-styled form, project beyond the calyx, and if 
visited by insects (which, however, is very improbable) 
might be fertilised with pollen from a perfect flower. 
The most singular fact about the present species is 
that long-styled cleistogamic flowers are produced by 
the long-styled plants, and mid-styled as well as 
short-styled cleistogamic flowers by the other two 
forms ; so that there are three kinds of cleistogamic 
and three kinds of perfect flowers produced by this 
one species ! Most of the heterostyled species of 
Oxalis are more or less sterile, many absolutely so, if 
illegitimately fertilised with their own-form pollen. 
It is therefore probable that the pollen of the cleisto- 
gamic flowers has been modified in power, so as to act 
on their own stigmas, for they yield an abundance of 
seeds. We may perhaps account for the cleistogamic 
flowers consisting of the three forms, through the prin- 
ciple of correlated growth, by which the cleistogamic 

X 2 
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flowers of the double violet have been rendered 
double. 

VandeUia nummularifolia. — Dr. Kuhn has collected* 
all the notices with respect to cleistogamic flowers in 
this genus, and has described from dried specimens 
those produced by an Abyssinian species. Mr. Scott 
sent me from Calcutta seeds of the above common 
Indian weed, from which many plants were success- 
ively raised during several years. The cleistogamic 
flowers are very small, being when fully mature under 
^ of an inch (1 * 27 mm.) in length. The calyx does 
not open, and within it the delicate transparent corolla 
remains closely folded over the ovarium. There are 
only two anthers instead of the normal number of four, 
and their filaments adhere to the corolla. The cells of 
the anthers diverge much at their lower ends and are 
only of an inch ( • 181 mm.) in their longer diameter. 

They contain but few pollen-grains, and these emit 
their tubes whilst still within the anther. The pistil 
is very short, and is surmounted by a bilobed stigma. 
As the ovary grows the two anthers together with the 
shrivelled corolla, all attached by the dried pollen- 
tubes to the stigma, are tom off and carried upwards 
in the shape of a little cap. The perfect flowers gene- 
rally appear before the cleistogamic, but sometimes 
simultaneously with them. During one season a large 
number of plants produced no perfect flowers. It has 
been asserted that the latter never yield capsules ; but 
this is a mistake, as they do so even when insects are 
excluded. Fifteen capsules from Cleistogamic flowers 
on plants growing under favourable conditions con- 
tained on an average 64*2 seeds, with a maximum of 
87; whilst 20 capsules from plants growing much 


* * Bot. Zeiitmg,’ 1867, p. 65. 
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crowded yielded an average of only 48. Sixteen cap- 
sules from perfect flowers artificially crossed with pollen 
from another plant contained on an average 93 seeds, 
with a maximum of 137. Thirteen capsules from self- 
fertilised perfect flowers gave an average of 62 seeds, 
with a maximum of 135. Therefore the capsules from 
the cleistogamic flowers contained fewer seeds than 
those from perfect flowers when cross-fertilised, and 
slightly more than those from perfect flowers self- 
fertilised. 

Dr. Kuhn believes that the Abyssinian F. sessiflora 
does not differ specifically from the foregoing species. 
But its cleistogamic flowers apparently include four 
anthers instead of two as above described. The plants, 
moreover, of V. sessiflora produce subterranean runners 
which yield capsules ; and I never saw a trace of such 
runners in F. nummularifolia, although many plants 
were cultivated. 

Linaria spuria . — Michalet says 4 " that short, thin, 
twisted branches are developed from the buds in the 
axils of the lower leaves, and that these bury them- 
selves in the ground. They there produce flowers 
not offering any peculiarity in structure, excepting 
that their corollas, though properly coloured, are de- 
formed. These flowers may perhaps be ranked as 
cleistogamic, as they are developed, and not merely 
drawn, beneath the ground. 

Ononis column #. — Plants were raised from seeds sent 
ine from Northern Italy. The sepals of the cleisto- 
gamic flowers are elongated and closely pressed to- 
gether ; the petals are much reduced in size, colour- 
less, and folded over the interior organs. The fila- 
ments of the ten stamens are united into a tube, and 


* Bolt Boc. Best da France/ tom. vtf. 1860, p. 468. 
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this is not the case, according to Yon Mohl, with the 
cleistogamic flowers of other Leguminosae, Five of 
the stamens are destitute of anthers, and alternate with 
the five thus provided. The two cells of the anthers 
are minute, rounded and separated from one another 
by connective tissue; they contain but few pollen- 
grains, and these have extremely delicate coats. The 
pistil is hook-shaped, with a plainly enlarged stigma, 
which is curled down, towards the anthers ; it there- 
fore differs much from that of the perfect flower. 
During the year 1867 no perfect flowers were pro- 
duced, but in the following year there were both 
perfect and cleistogamic ones. 

Ononis minutissima . — My plants produced both per- 
fect and cleistogamic flowers ; but I did not examine 
the latter. Some of the former were crossed with 
pollen from a distinct plant, and six capsules thus ob- 
tained yielded on an average 3 * 66 seeds, with a maxi- 
mum of 5 in one. Twelve perfect flowers were marked 
and allowed to fertilise themselves spontaneously under 
a net, and they yielded eight capsules, containing on 
an average 2*38 seeds, with a maximum of 3 in one. 
Fifty-three capsules produced by the cleistogamic 
flowers contained on an average 4*1 seeds, so that 
these were the most productive of all ; and the seeds 
themselves looked finer even than those from the 
crossed perfect flowers. According to Mr. Bentham 
0. parviflora likewise bears cleistogamic flowers ; and 
he informs me that these flowers are produced by all 
three species early in the spring ; whilst the perfect 
ones appear afterwards, and therefore in a reversed 
order compared with those of Viola and Oxalis. Some 
of the species, for instance Ononis column », bear a 
fresh crop of cleistogamic flowers in the autumn. 

Lathyru s nissclia apparently offers a case of the first 
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stage in the production of eleistogamic flowers, for on 
plants growing in a state of nature, many of the flowers 
never expand and yet produce fine pods. Some of 
the buds are so large that they seem on the point of 
expansion ; others are much smaller, but none so small 
as the true eleistogamic flowers of the foregoing 
species. As I marked these buds with thread and 
examined them daily, there could be no mistake about 
their producing fruit without having expanded. 

Several other Leguminous genera produce eleisto- 
gamic flowers, as may be seen in the previous list ; but 
much does not appear to be known about them. Von 
Mohl says that their petals are commonly rudimentary, 
that only a few of their anthers are developed, their 
filaments are not united into a tube and their pistils 
are hook-shaped. In three of the genera, namely Vicia, 
Amphicarpsea, and Voandzeia, the eleistogamic flowers 
are produced on subterranean stems. The perfect 
flowers of Voandzeia, which is a cultivated plant, are 
said never to produce fruit ;* but we should remember 
how often fertility is affected by cultivation. 

Impatient fulva. — Mr. A. W. Bennett has published 
an excellent description, with figures, of this plant.f 
He shows that the eleistogamic and perfect flowers 
differ in structure at a very early period of growth, so 
that the existence of the former cannot be due merely 
to the arrested development of the latter, — a conclusion 
which indeed follows from most of the previous de- 
scriptions. Mr. Bennett found on the banks of the Wey 
that the plants which bore eleistogamic flowers alone 
were to those bearing perfect flowers as 20 to 1 ; but 

* Correa do Hello (‘ Journal African plant, which i* sometime* 
Lina. Boo. Bot* voL xl 1870, p. cultivated in Brasil. 

254) particularly attended to the t 4 Journal Unu. Soc. Bot’ voL 
flowering and fruiting of this xiii. 1872, p. 147. 
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we should remember that this is a naturalised species. 
The perfect flowers are usually barren in England ; but 
Prof. Asa Gray writes to me that after midsummer in 
the United States some or many of them produce 
capsules. 

Impatiene noli-me-tangere . — I can add nothing of im- 
portance to Von Mohrs description, excepting that 
one of the rudimentary petals shows a vestige of a 
nectary, as Mr. Bennett likewise found to be the case 
with I. fulva. As in this latter species all five stamens 
produce some pollen, though small in amount; a 
single anther contains, according to Von Mohl, not 
more than 50 grains, and these emit their tubes 
while still enclosed within it. The pollen-grains of the 
perfect flowers are tied together by threads, but not, 
so as far as I could see, those of the eleistogamic 
flowers ; and a provision of this kind would here have 
Jbeen useless, as the grains can never be transported 
by insects. The flowers of L balsamina are visited by 
humble-bees,* and I am almost sure that this is the 
case with the perfect flowers of I. noli-me-tangere. From 
the perfect flowers of this latter species covered with 
a net eleven spontaneously self-fertilised capsules were 
produced, and these yielded on an average 3*45 seeds. 
Some perfect flowers with their anthers still containing 
an abundance of pollen were fertilised with pollen from 
a distinct plant ; and the three capsules thus produced 
contained, to, my surprise, "only 2, 2, and 1 seed. As 
J, balsamina is proterandrous, so probably is the pre- 
sent species^ and if so, cross-fertilisation was effected 
by me at too early a period, and this may account for 
the capsules yielding so few seeds. 

Drosera rotmdifolia . — The first flower-stems which 

* H. MSUer, ‘Die Befin*chtang,’ <fco. p. 170. 
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. were thrown up by some plants in my green-house 
bore only cleistogamic flowers. The petals of small 
size remained permanently closed over ' the repro- 
ductive organs, but their white tips could just be 
seen between the almost completely closed sepals. 
The pollen, which was scanty in amount, but not so 
scanty as in Viola or Oxalis, remained enclosed 
within the anthers, whence the tubes proceeded and 
penetrated the stigma. As the ovarium swelled the 
little withered corolla was carried upwards in the 
form of a cap. These cleistogamic flowers produced 
an abundance of seed. Later in the season perfect 
flowers appeared. With plants in a state of nature the 
flowers open only in the early morning, as I have been 
informed by Mr. Wallis, who particularly attended to 
the time of their flowering. In the case of D. Anglica, 
the still folded petals on some plants in my green- 
house opened just sufficiently to leave a minute 
'aperture; the anthers dehisced properly, but the 
pollen-grains adhered in a mass to them, and thence 
emitted their tubes, which penetrated the stigmas. 
These flowers, therefore, were in an intermediate con- 
dition, and could not bo called either perfect or 
cleistogamic. 

A few miscellaneous observations may be added 
with respect to some other species, as throwing light 
on our subject. Mr. Scott states * that Eranthemum 
ambigimm bfears three kinds of flowers, — large, con- 
spicuous, open ones, which are quite sterile,— others 
of intermediate size, which are open and moderately 
fertile — and lastly small closed or cleistogamic ones, 
which are perfectly fertile. Rvdlia Utberosa, likewise 
one of the Acanthaces, produces both open and cleis- 


'Journal of Botany,’ London, new series, toL L 1872, pp. 161-4. 
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togamic flowers ; the latter yield from 18 to 24, whilst 
the former only from 8 to 10 seeds ; these two kinds of 
flowers are produced simultaneously, whereas in several 
other members of the family the cleistogamic ones 
appear only during the hot season. According to 
Torrey and Gray, the North American species of He- 
lianthemum, when growing in poor soil, produce only 
cleistogamic flowers. The cleistogamic flowers of 
Specularia perfoliata are highly remarkable, as they 
are closed by a tympanum formed by the rudimen- 
tary corolla, and without any trace of an opening* 
The stamens vary from 3 to 5 in number, as do 
the sepals.* The collecting hairs on the pistil, which 
play so important a part in the fertilisation of the 
perfect flowers, are here quite absent. Sir J . Hooker 
and Dr. Thomson state t that some of the Indian 
species of Campanula produce two kinds of flowers ; 
the smaller ones being borne on longer peduncles 
with differently formed sepals, and producing a more 
globose ovary. The flowers are closed by a tympanum 
like that in Specularia. Some of the plants produce 
both kinds of flowers, others only one kind ; both yield 
an abundance of seeds. Professor Oliver adds that he 
has seen flowers on Campanula colorata in an intermedia 
ate condition between cleistogamic and perfect ones. 

The solitary almost sessile cleistogamic flowers pro- 
duced by Monoehoria vaginalis are differently protected 
from those in any of the previous cases, namely, within 
"a short sack formed of the membranous spathe, with- 
out any opening or fissure.** There is only a single 

* Ton Mohl, *Bot. Zeitnng,' of the perfect flower is mostly 
1868, pp. 814 and 828. Dr. Brom- 5-cleft. 

field ( 4 Phytologist,’ vol. iii. p. f ‘Journal Linn. Soc/ vol. it 
580) also remarks that the calyx 1657. p. 7. See also Professor 
of the cleistogamic flowers is Oliver in 4 Hat. Hist. Review,* 
usually only 8-cleft, while that 1862, p. 240. 
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fertile stamen ; the style is almost obsolete, with the 
three stigmatic surfaces directed to one side. Both 
the perfect and cleistogamic flowers produce seeds.* 

The cleistogamic flowers on some of the Mai* 
pighiaceae seem to be more profoundly modified than 
those in any of the foregoing genera. According to 
A. de Jussieu f they are differently situated from the 
perfect flowers ; they contain only a single stamen, 
instead of 5 or 6 ; and it is a strange fact that this 
particular stamen is not developed in the perfect 
flowers of the same species. The style is absent or 
rudimentary ; and there are only two ovaries instead 
of three. Thus these degraded flowers, as Jussieu 
remarks, w laugh at our classifications, for the greater 
number of the characters proper to the species, to the 
genus, to the family, to the class disappear.” The 
calyces of the perfect flowers are studded with glands, 
and their absence on the cleistogamic flowers may 
probably be explained by an observation of Fritz 
Muller, who informs me that in the one species, 
Jiunchosia Gavdichaudiana, the fertilisation of which 
he has often witnessed, the perfect flowers are regu- 
larly visited by bees belonging to the genera Tetra- 
pedia and Epicharis. These bees sit down on the 
flowers, gnawing the glands on the outside of the 
calyx, and in doing so the under sides of their bodies 
are dusted with pollen, by which afterwards other 
flowers are fertilised. Such visits to the cleistogamic 
flowers would be useless. 

As the Asclepiadous genus Stapelia is said to pro* 
duce cleistogamic flowers, the following case may be 
worth giving. I have never heard of the perfect flowers 
of Soya camosa setting seeds in this country, but some 

, * Dr. Kirk. * Jotxrh. Linn. Soc/ t * Archive® da Mttctfnm,* tom. 
voL viii 1864, p. 147. iii. 1 843, pp. 35-88,82-86,580,588. 
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capsules were produced in Mr. FarrerV hot-house ; 
■and the gardener detected that they were the product 
of minute bud-like bodies, three or four of which 
could sometimes be found on the same umbel with the 
perfect flowers. They were quite closed and hardly 
thicker than their peduncles. The sepals presented 
nothing particular, but internally and alternating 
with them, there were five small flattened heart-shaped 
papillte, like rudiments of petals ; but the homological 
nature of which appeared doubtful to Mr. Bentham 
and Dr. Hooker. No trace of anthers or of stamens 
could be detected ; and I knew from having examined 
many cleistogamic flowers what to look for. There 
were two ovaries, full of ovules, quite open at their 
upper ends, with their edges festooned, but with no 
trace of a proper stigma. In all these flowers one of 
the two ovaries withered and blackened long before 
the other. The one perfect capsule, 3£ inches in 
length, which was sent me, had likewise been de- 
veloped from a single carpel. This capsule con- 
tained an abundance of plumose seeds, many of which 
appeared quite sound, but they did not germinate 
when sown at Kew. Therefore the little bud-like 
flower which produced this capsule probably was as 
destitute of pollen as were those which I examined. 

Juncm bufonius and Hordeum . — All the species 
hitherto mentioned which produce cleistogamic 
flowers are entomophilous ; but Juncus and seven 
genera of Gramine® are anemophilous. Juncus 
bufonius is remarkable* by bearing in parts of Bussia 
only cleistogamic flowers, which contain three instead 
of the six anthers found in the perfect flowers. In the 
genus Hordeum it has been shown by Delpino* that 

* See Dr. Asehergoa’s interesting paper in 4 Bot Zeitung,’ 1871. 
p.811. Ako 1872, p. 697. 
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the majority of the flowers are cleistogamic, some of 
the others expanding and apparently allowing of 
cross-fertilisation. I hear from Fritz Muller that 
there is a grass in Southern . Brazil, in which the 
sheath of the uppermost leaf, half a metre in length, 
envelopes the whole panicle ; and this sheath never 
opens until the self-fertilised seeds are ripe. On the 
roadside some plants had been cut down, whilst the 
cleistogamic panicles were developing, and these 
plants afterwards produced free or unenclosed panicles 
of small size, bearing perfect flowers. 

Leereia oryzoides . — It lias long been known that 
this plant produces cleistogamic flowers, but these were 
first described with care by M, Duval-Jouve.f I pro- 
cured plants from a stream near Beigate, and cultivated 
them for several years in my green-house. The cleis- 
togamic flowers are very small, and usually mature 
their seeds within the sheaths of the leaves. These 
flowers are said by Duval-Jouve to be filled by slightly 
viscid fluid ; but this was not the case with several 
that I opened ; but there was a thin film of fluid 
between the coats of the glumes, and when these were 
pressed the fluid moved about, giving a singularly 
deceptive appearance of the whole inside of the flower 
being thus filled. The stigma is very small and the 
filaments extremely short ; the anthers are less than 
^ of an inch in length, or about one-third of the 
length of those in the perfect flowers. One of the 
three anthers dehisces before the two others. Can 
this have any relation with the fact that in some other 


* * Bollettini del Ooiuizio agra- on Hordeum, in ‘ Monatabericht d. 
rio Phrmense.’ Marzo e Aprile, K.Akad. Berlin/ Oct. 1872, p. 760. 
1871. An abstract of this valuable t 4 Bull. Bot, 8oc. de France, 
paper is given in ‘Bot. Zeittmg.’ tom. x. 1868, p. 194. 

1871, p. $37. See also Hildebrand 
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species of Leersia only two stamens ate fully de- 
veloped?* The anthers shed their pollen on the 
stigma ; at least in one instance this was clearly the 
case, and by tearing open the anthers under water 
the grains were easily detached. Towards the apex of 
the anther the grains are arranged in a single row and 
lower down in two or three rows, so that they could be 
counted ; and there were about 35 in each cell, or 70 
in the whole anther ; and this is an astonishingly small 
number for an anemophilous plant. The grains have 
very delicate coats, are spherical and about of 

an inch (*0181 mm.), whilst those of the perfect flowers 
are about of an inch (*0254 mm.) in diameter. 

M. Duval-Jouve states that the panicles very rarely 
protrude from their sheaths, but that when this does 
happen the flowers expand and exhibit well-developed 
ovaries and stigmas, together with full-sized anthers 
containing apparently sound pollen ; nevertheless such 
flowers are invariably quite sterile. Schreiber had pre- 
viously observed that if a panicle is only half protruded, 
this half is sterile, whilst the still included half is 
fertile. Some plants which grew in a large tub of 
water in my green-house behaved on one occasion in 
a very different manner. They protruded two very 
large much-branched panicles ; but the florets never 
opened, though these included fully developed stig- 
mas, and stamens supported on long filaments with 
large anthers that dehisced properly. If these florets 
had opened for a short time unperceived by me and 
had then closed again, the empty anthers would 
have been left dangling outside. Nevertheless they 
yielded on August 17th an abundance of fine ripe 
seeds. Here then we have a near approach to the 


* Apt Gray, * Manual of Hot of United States, 1 1856, p. 540. 
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dingle case as yet known* of this grass producing in 
a state of nature (in Germany) perfect flowers which 
yielded a copious supply of fruit. Seeds from the 
cleistogamic flowers were sent by me to Mr. Scott 
in ‘Calcutta, who there cultivated the plants in various 
ways, but they never produced perfect flowers. 

In Europe Leersia oryzoides is the sole representa- 
tive of its genus, and Duval-Jouve, after examining 
several exotic species, found that it apparently is the 
sole one which bears cleistogamic flowers. It ranges 
from Persia to North America, and specimens from 
Pennsylvania resembled the European ones in their 
concealed manner of fructification. There can there* 
fore be little doubt that this plant generally propa- 
gates itself throughout an immense area by cleisto- 
gamic seeds, and that it can hardly ever be invigorated 
by cross-fertilisation. It resembles in this respect 
those plants which are now widely spread, though they 
increase solely by asexual generation.! 

Concluding Remarks on Cleistogamic Flowers . — That 
these flowers owe their structure primarily to the 
arrested development of perfect ones, we may infer 
from such cases as that of the lower rudimentary petal 
in Viola being larger than the others, like the lower 
lip of the perfect flower, — from a vestige of a spur in 
the cleistogamic flowers of Impatiens, — from the ten 
stamens of Ononis being united into a tube, — and 
other such structures. The same inference may be 
drawn from the occurrence, in some instances, on the 
same plant of a series of gradations between the 
cleistogamic and perfect flowers. But that the former 
owe their origin wholly to arrested development is 

* Dr. Ascherson, * Bot. Zeitung,’ cases in my Variation under 
1864, p. 850. Domestication,' eh. xriii.— 2nd 

t I have collected several such edit, voi it p. 158. 
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by no means the case; for various part* have beep 
specially modified, sb as to aid in the self-fertilisation 
of the Borers, and as a protection to the pollen,; for 
instance, the hook-shaped pistil in Viola and in some 
other genera, by which the stigma is brought cktee 
to the fertile anthers, — the rudimentary corolla of 
Specularia modified into a perfectly closed tympanum, 
and the sheath of Monochoria modified into a closed 
sack, — the excessively thin coats of the pollen-graihs, 
— the anthers not being all equally aborted, and other 
such cases. Moreover Mr. Bennett has shown that 
the buds of the cleistogamic and perfect flowers of 
Impatiens differ at a very early period of growth. 

The degree to which many of the most important 
organs in these degraded flowers have been reduced 
or even wholly obliterated, is one of their most re- 
markable peculiarities, reminding us of many parasitic 
animals In some cases only a single anther is left, 
and this contains but few pollen-grains of diminished 
size; in other cases the stigma has disappeared, 
leaving a simple open passage into the ovarium. It 
is also interesting to note the complete. loss of trifling 
points in the structure or functions of certain parts, 
which though of service to the perfect flowers, are of 
none to the cleistogamic ; for instance the collecting 
hairs on the pistil of Specularia, the glands on the 
calyx of the Malpighiacece, the nectar-secreting ap- 
pendages to the lower stamens of Viola, the secretion 
of nectar by other parts, the emission of a sweet odour, 
and apparently the elasticity of the valves in the 
buried capsules of Viola odorata. We here see, as 
throughout nature, that as soon as any part or 
character becomes superfluous it tends sooner or later 
to disappear. 

Another peculiarity in these flowers is that the 
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pollen*grains generally emit jtheir ^ubes whilst still 
enclosed within the anthers ; but this is not so re* 
markable a fact as was formerly thought, when the 
case of Asclepias was alone known,* It is, however, 
a wonderful sight to behold the tubes directing them- 
selves in a straight line to the stigma, when this 
is at some little distance from the anthers* As 
soon as they reach the stigma or the open passage 
leading into the ovarium, no doubt they penetrate it, 
guided by the same means, whatever these may be, 
as in the case of ordinary flowers. I thought that 
they might be guided by the avoidance of light : some 
pollen-grains of a willow were therefore immersed in 
an extremely weak solution of honey, and the vessel 
was placed so that the light entered only in one 
direction, laterally or from below or from above, but 
the long tubes were in each case protruded in every 
possible direction. 

As cleistogamic flowers are completely closed they 
are necessarily self-fertilised, not to mention the 
absence of any attraction to insects; and they thus 
differ widely from the great majority of ordinary 
flowers. Delpino believes f that cleistogamic flowers 
have been developed in order to ensure the production 
of seeds under climatic or other conditions which tend 


♦ The case of Asclepias was de- 
scribed by R. Brown. Baillon as- 
serts (‘Adansonia/ tom. ii. 1862, 
p. 58) that with many plants the 
tubes are emitted from pollen- 
grains which have not come into 
contact with the stigma ; and that 
they may be seen advancing hori- 
zontally through the air towards 
the stigma. I have observed tbe 
emission of the tubes from the 


pollen-masses whilst still within 
the anthers, in three widely distinct 
Orohidean genera ; namely Aoeras, 
Malaxis, and Neottia ; see ‘ The 
Various Contrivances by which 
Orchids are Fertilised/ 2nd edit, 
p. 258. 

t 4 SulT Opera la Distribuzione 
dei Sessi nelie Piante/ 1867, 

p. 80. 
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to prevent the fertilisation of the perfect flowers. I do 
not doubt that this holds good to a certain limited extent* 
but the production of a large supply of seeds with little 
consumption of nutrient matter or expenditure of vital 
force is probably a far more efficient motive power. 
The whole flower is much reduced in size ; but what 
is much more important, an extremely small quantity 
of pollen has to be formed, as none is lost through the 
action of insects or the weather ; and pollen contains 
much nitrogen and phosphorus. Von Mohl estimated 
that a single cleistogamic anther-cell of Oxalis aceto~ 
sella contained from one to two dozen pollen-grains; 
we will say 20, and if so the whole flower can have 
produced at most 400 grains ; with Impatiens the 
whole number may be estimated in the same manner 
at 250 ; with Leersia at 210 ; and with Viola nana at 
only 100, These figures are wonderfully low com- 
pared with the 243,600 pollen-grains produced by a 
flower of Leontodon, the 4,863 by an Hibiscus, or the 
3,654,000 by a Poeony.* We thus see that cleisto- 
gamic flowers produce seeds with a wonderfully small 
.expenditure of pollen ; and they produce as a general 
rule quite as many seeds as the perfect flowers. 

That the production of a large number of seeds is 
necessary or beneficial to many plants needs no evi- 
dence. So of course is their preservation before they 
are ready for germination ; and it is one of the many 
remarkable peculiarities of the plants which bear 
cleistogamic flowers, that an incomparably laTger pro- 
portion of them than of ordinary plants bury their 
young ovaries in the ground an action which it 
may be presumed serves to protect them from being 


* The authorities for these statements are given in my * Effect* of 
Gross and Self-Fertilisation,’ p. 376. 
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devoured by birds or other enemies* But this advan- 
tage is accompanied by the loss of the power of wide 
dissemination. No less than eight of the genera 
in the list at the beginning of this chapter include 
species which act in this manner, namely, several 
kinds of Viola, Oxalis, Vandellia, Linaria, Commelina, 
and at least three genera of Leguminosm. The seeds 
also of Leersia, though not buried, are concealed in 
the most perfect manner within the sheaths of the 
leaves. Cleistogamic flowers possess great facilities 
for burying their young ovaries or capsules, owing to 
their small size, pointed shape, closed condition and 
the absence of a corolla ; and we can thus understand 
how it is that so many of them have acquired this 
curious habit. 

It has already been shown that in about 33 out of 
the 67 genera in the list just referred to, the perfect 
flowers are irregular ; and this implies that they have 
been specially adapted for fertilisation by insects. 
Moreover three of the genera with regular flowers are 
adapted by other means for the same end. Flowers 
thus constructed are liable during certain seasons to 
be imperfectly fertilised, namely, when the proper 
insects are scarce ; and it is difficult to avoid the 
belief that the production of cleistogamic flowers, 
which ensures under all circumstances a full supply 
of seed, has been in part determined by the perfect 
flowers being liable to fail in their fertilisation. But 
if this determining cause be a real one; it must be of 
subordinate importance, as eight of the genera in the 
list are fertilised by the wind ; and there seems no 
reason why their perfect flowers should fail to be 
fertilised more frequently than those in any other 
anemophilous genus. In contrast with what we here 
see with respect to the large proportion of the perfect 

z 2 
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flowers being irregular, one genus alone out of the 38 
heterostyled genera described in the previous chapters 
bears such flowers ; yet all these genera are absolutely 
dependent on insects for their legitimate fertilisation. 
I know not how to account for this difference in the 
proportion of the plants bearing regular and irregular 
flowers in the two classes, unless it be that the hetero- 
styled flowers are already so well adapted for cross- 
fertilisation, through the position of their stamens 
and pistils and the difference in power of their two or 
three kinds of pollen, that any additional adaptation, 
namely, through the flowers being made irregular, 
has been rendered superfluous. 

Although cleistogamic flowers never fail to yield 
a large number of seeds, yet the plants bearing them 
usually produce perfect flowers, either simultaneously 
or more commonly at a different period ; and these 
are adapted for or admit of cross-fertilisation. From 
the cases given of the two Indian species of Yiola, 
which produced in this country during several years 
only cleistogamic flowers, and of the numerous plants 
of Vandellia and of some plants of Ononis which 
behaved during one whole season in the same manner, 
if appears rash to infer from such cases as that of 
Salvia deistogama not having produced perfect flowers 
during five years in Germany,* and of an Aspicarpa 
not having done so during several years in Paris, that 
these plants would not bear perfect flowers in their 
native homes. Von Mohl and several other botanists 
have repeatedly insisted that as a general rule the 
perfect flowers produced by cleistogamic plants are 
sterile ; but it has been shown under the head of the 
several species that this is not the case. The perfect 


* Dr. Aechereon, * Bot Zeit.’ 1871, p. 555. 
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flowers of Yiola are indeed sterile unless they are 
visited by bees ; but when thus visited they yield the 
full number of seeds. As far as I have been able to 
discover there is only one absolute exception to the 
rule that the perfect flowers are fertile, namely, that 
of Yoandzeia ; and in this case we should remember 
that cultivation often affects injuriously the repro- 
ductive organs. Although the perfect flowers of 
Leersia sometimes yield seeds, yet this occurs so 
rarely, as far as hitherto observed, that it practically 
forms a second exception to the rule. 

As cleistogamic flowers are invariably fertilised, and 
as they are produced in large numbers, they yield 
altogether a much larger supply of seeds than do 
the perfect flowers on the same plant. But the latter 
flowers will occasionally be cross-fertilised, and their 
offspring will thus be invigorated, as we may infer 
from a wide-spread analogy. But of such invigoration 
I have only a small amount of direct evidence: two 
crossed seedlings of Ononis minutissima were put into 
competition with two seedlings raised from cleisto- 
gamic flowers ; they were at first all of equal height ; 
the crossed were then slightly beaten ^ but on the fol- 
lowing year they showed the usual superiority of their 
class, and were to the self-fertilised plants of cleisto- 
gamic origin as 100 to 88 in mean height. With 
Yandellia twenty crossed plants exceeded in height 
twenty plants raised from cleistogamic seeds only by 
a little, namely, in the ratio of 100 to 04. 

It is a natural inquiry how so many plants belong- 
ing to various ‘very distinct families first came to have 
the development of their flowers arrested, so as ulti- 
mately to become cleistogamic. That a passage from 
the one state to the other is far from difficult is shows 
by the many recorded cases of gradations between the 
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two states on the same plant, in Viola, Oxalis, Biophy- 
turn, Campanula, &c. In the several species of Viola 
the various parts of the flowers have also been modified 
in very different degrees. Those plants which in their 
own country produce flowers of full or nearly full size, 
but never expand (as with Thelymitra), and yet set 
fruit, might easily be rendered cleistogamic. Lathyrus 
nmclia seems to be in an incipient transitional state, 
as does Drosera Anglica, the flowers of which are not 
perfectly closed. There is good evidence that flowers 
sometimes fail to expand and are somewhat reduced 
in size, owing to exposure to unfavourable conditions, 
but still retain their fertility unimpaired. Linnseus 
observed in 1753 that the flowers on several plants 
brought from Spain and grown at Upsala did not 
show any corolla and yet produced seeds. Asa 
Gray has seen flowers on exotic plants in the North- 
ern United States which never expanded and yet 
fruited. With certain English plants, which bear 
flowers during nearly the whole year, Mr. Bennett 
found that those produced during the winter season 
were fertilised in the bud; whilst with other species 
having fixed times for flowering, but "which had 
been tempted by a mild January to put forth a few 
wTetched flowers,” no pollen was discharged from the 
anthers, and no seed was formed. The flowers of 
Lysimachia vulgaris if fully exposed to the sun expand 
properly, while those growing in shady ditches have 
smaller corollas which open only slightly ; and these 
two forms graduate into one another in intermediate 
stations. Herr Bouclie’s observations are of especial 
interest, for he shows that both temperature and the 
amount of light affect the size of the corolla ; and he 
gives measurements proving that with some plants 
the corolla is diminished by the increasing cold and 



Chap.VIH. on cleistogamio flowers. 343 

darkness of the changing season, whilst with others 
it is diminished by the increasing heat and light* 

The belief that the first step towards flowers being 
rendered cleistogamio was due to the conditions to 
which they were exposed, is supported by the fact 
of various plants belonging to this class either not pro- 
ducing their cleistogamio flowers under certain condi- 
tions, or, on the other hand, producing them to the 
complete exclusion of the perfect ones. Thus some 
species of Viola do not bear cleistogamio flowers when 
growing on the lowlands or in certain districts. Other 
plants when cultivated have failed to produce perfect 
flowers during several successive years ; and this is 
the case with Juncus bufoiiius in its native land of 
Russia. Cleistogamic flowers are produced by some 
species late and by others early in the season ; and this 
agrees with the view that the first step towards their de- 
velopment was due to climate ; though the periods at 
which the two sorts of flowers now appear must since 
have become much more distinctly defined. We do not 
know whether too low or too high a temperature or the 
amount of light acts in a direct manner on the size of 
the corolla, or indirectly through the male organs being 
first affected. However this may be, if a plant were 
prevented either early or late in the season from fully 
expanding its corolla, with some reduction in its size, 
but with no loss of the power of self-fertilisation, then 
natural selection might well complete the work and 

* For the statement by Linnaus, p. 543) “ that when the autumn 
see Molil in * Hot Zeitung/ 1863. draws on, and habitually in winter 

5 . 327. Asa Gray, * American for 8uoh of our wild flowers us 
oumal of Science,’ 2nd series, blossom at tlmt season,” the flowers 
vol. tnii. 1865, p. 105. Bennett are self-fertilised. On Lysima- 
in ‘Nature,’ Nov. 1869, p. 11. chia, H. MilUer, 'Nature/ Sept 
The Rev. G, Henslow also says 1873, p. 433. Bouchd, * Sitznngs- 
(‘ Gardener’s Chronicle/ 1877, p. berieht der Gesell. Naturforsch. 
271 : also * Nature,* Oct. 19, 1876, Freunde/ Oct 1874, p. 90. 
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render it strictly cleistogamic. The various organs 
would also, it is probable, be modified by the peculiar 
conditions to which they are subjected within a com- 
pletely closed flower - also by the principle of corre- 
lated growth, and by the tendency in all reduced 
organs finally to disappear. The result would be the 
production of cleistogamic flowers such' as we now 
see them; and these are admirably fitted to yield a 
copious supply of seed at a wonderfully small cost to 
the plant. 

I will now sum up very briefly the chief conclusions 
which seem to follow from the observations given in 
this volume. Cleistogamic flowers afford, as just 
stated, an abundant supply of seeds with little ex- 
penditure ; and we can hardly doubt that they have 
had their structure modified and degraded for this* 
special purpose ; perfect flowers being still almost al- 
ways produced so as to allow of occasional cross-fertilisa- 
tion. Hermaphrodite plants have often been rendered 
monoecious, dioecious or polygamous ; but as the sepa- 
ration of the sexes would have been injurious, had not 
pollen been already transported habitually by in- 
sects or by the wind from flower to flower, we may 
assume that the process of separation did not com- - 
mence and was not completed for the sake of the 
advantages to be gained from cross-fertilisation. !fhe 
sole motive for the separation of the sexes which 
occurs to me, is that the production of a great number 
of seeds might become superfluous to a plant under 
changed conditions of life ; and it might then be highly 
beneficial to it that the same flower or the same indi- 
vidual should not have its vital powers taxed, under 
the struggle for life to which all organisms are sub- 
jected, by producing both pollen and seeds. With * 
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respect to the plants belonging to the gyno-dioscious 
sub-class, or those which co-exist as hermaphrodites 
and females, it has been proved that they yield a 
much larger supply of seed than they would have 
done if they had all remained hermaphrodites? and we 
may feel sure from the large number of seeds pro- 
duced by many plants that such production is often 
necessary or advantageous. It is therefore probable 
that the two forms in this sub-class have been sepa- 
rated of developed for this special end. 

Various hermaphrodite plants have become hetero- 
styled, and now exist under two or three forms ; and 
we may confidently believe that this has been effected 
in order that cross-fertilisation should be assured. 
For the full and legitimate fertilisation of these plants 
pollen from the one form must be applied to the 
stigma of another. If the sexual elements belonging 
to the same form are united the union is an. illegiti- 
mate one and more or less sterile. With dimorphic 
species two illegitimate unions, and with trimorphic 
species twelve are possible. There is reason to believe 
that the sterility of these unions has not been specially 
acquired, but follows as an incidental result from the 
sexual elements of the two or three forms having, been 
adapted to act on one another in a particular manner, 
so that any other kind of union is inefficient, like 
that between distinct species. Another and still more 
remarkable incidental result is that the seedlings 
from an illegitimate union are often dwarfed and 
more or less or completely barren, like hybrids from 
the union of two widely distinct species. 
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311. 337 ; Viola odurata, 317 
Diantkus barhatus , 30 
Dickie, Dr., on Eriophorum angusti - 
folium, 307 

IEctemnus fraxinella, 146 
Diodia , 135 

Dioecious and sub-dioecious plants, 
287 

Discospermum , 286 
Doubleday, H., on Primula elatior , 
73 

Dracoeephalum Mcldavtcum, 299 
Drosera Anglian , 829, 342 

rotundifoUa, 328 

DuvabJouve, M., on Cryptostachys, 
318; taenia otytoides , 338, 334 
Dyer, Thiselton, on Salvia JETor- 
minum,S\ Cratoxylon formosum, 
123 


Eehiwn vtdgare, 111, 805, 307 
Epidendron, 313 


GRAY. 

Enigma repent, 297 
Equal-styled van. of Primula, 272 
Eranthemum ambiguum , 829 
Eriophorum anqustifdium, 307 
Erythroxylum, i21 ; pollen-grains of, 

Euonymus Kuropseus, 287-293 
Euphrasia officinalis , 4 
Euryale, 311 




Faramea , 128 ; pollen-grains of, 129 
Fitzgerald, Mr., on Thdymitra, 818 
Forsythia tuspeuta, 117; stamens, 
252 

117 

Ftagnria Chiloensis, 293 

elatior , 293 

vesca, 293 

Virginian a, 293 

Fraxinus excelsior , 11 


0 . 


Galium cruciatum, 286 
Gartner on the sterility of nnions 
between distinct species, 29 ; Pri- 
mula vulgaris and verts, 58, 59; 
hybrid Verbascums , 76, 77, 80 ; 
prej»otency of pollen, 241 ; varia- 
tion in the sexual powers of 
plants, 267 ; contabesoent anthers, 
193, 283 
Gentianete , 115 
Geramacese , 169 
Geranium sylvaticum, 808 
Gesneria pmdvlina, 261 
Gilia aggregate , 118 

coronopifolia, 119 

miorantha, 119 

— - nudiraulis, 119 


. pvlchdte, 118 

Gillibert on hfenyanthes, 311 
Gloriosa Lily, the, 146 
Godron on hybrid Primates, 55 
Gray, Prof* Asa, proposes the term 
heterogone or heterogonous, 2; on 
. Linum, 101; Leuaosma Bur- 
nettiana and aewninata, 114! 

Forsythia «wpe*«a,'U7; 
pvlchdte, 118; G. 
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119; Phlox subulate , , 119; Mit- 
cheUa repent, 125; heterostyled 
plants, 244 ; Coprosma , 285 ; Eu- 
onymus, 287; Uhamnus lanceo- 
IcUus, 295, 296 ; Epigsea repens , 
297; Ilex opaca, 298; Plantago 
media , 807 ; Oxybaphus and Nycia - 
ginia, 318; Impatiens fulva, 328 ; 
Leersia, 334 ; cleistogamic flowers, 
342 

Gyno-dioecious plants, 298 


H. 

Hart, Mr., on Nepeta glechoma, 301 

Hautbois Strawberry, the, 293 

Hedyotis, 133 

Heiwlow, Rev. Prof., on hybrid Pri- 
mulas, 61 

Henslow, Rev. G., on flowers self- 
fertilised during the winter, 343 

Herbert, Dr., on hybrid Primulas , 
61 

Heterostyled plants, illegitimate off- 
spring of, 188-243; essential cha- 
racter of, 244; summary of the 
differences of fertility between 
legitimately and illegitimately fer- 
tilised plants, 246; diameter of 
pollen-grains, 249 ; size of anthers, 
structure of stigma, 252; list of 
genera, 255; advantages derived 
from Heterostylism, 258; means 
by which plants became hetero- 
styled, 260 ; transmission of form, 
268; equal-styled varieties, 272; 
final remarks, 275 

— dimorphic plants, 14-54, 81- 
136 

— trimorphic plants, 137-187 

Hibiscus, pollen-grains, 838 

Hildebrand, Prof., introduces the 

word “heterostyled,” 2; on the 
ray-florets of the ComposUm, 5, 6 ; 
Primula SinemU, 88, 40-48, 192, 
217 ; Linum grandiflorum, 86, 87 ; 
L. permne, 92; Pulmonaria cM- 
einaUs, 101-103, 107, 239; P. 
atvrsa, 110; Polygonum fegopy- 
rtm, 111 ; Oxalis, 169, 171-174, 
178, 182, 211-213, 322; henna* 


EEEXEB. 

phrodite plants becoming uni- 
sexual, 283 ; Hordeum , 333 
Homostyled species of Primula, 49 
! Hooker, Dr., on Campanula, 330 
Hordeum , 832 
Hottonia inflate , 53, 813 
— palustris , 50 ; relative fertility, 
52; anthers of, 252; papilla on 
Btigma, 254 

Houstonia caerulea , 182, 254 
Hoya camosa , 381 
Hybrid Primulas , 55-71 
Hydrangea , 6, 7 
Byperioineas , 123 
Hyssopus officinalis , 299 


Hex aquifdium, 297 
opaca, 298 

Illegitimate offspring of heterostyled 
lants, 188; Lythrum salicaria , 
warfed stature and sterility, 192 ; 
Oxalis, transmission of form to 
seedlingB, 212 ; Primula Sinensis, 
in some degree dwarfed, 215; 
equal-Btyled varieties, 218-223 ; 
Primula vulgaris, 224 ; trans- 
mission of form and colour, 225 ; 
seedlings, 227; P. veris, 228; 
dwarfed stature and sterility, 
229-234; equal-styled varieties, 
234, 238; parallelism between 
illegitimate fertilisation and hy- 
bridism, 242 
IUecebrum, 311 

Impatiens, pollen-grains of, 838 

baUamina , 328 

fulva, 327 

noli-me-tangere, 828 


Juglcms regia, 10 
Juncus bu/onius , 882, 843 
Jussieu, A. de, on Malpigkiacem, 
331 

X. 

Kerne?, Prot, on ray-florets, 6 ; Auri- 
cula, 43 ; hybrid forms of Premdta, 
55, 73; on use of bain within 
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the corolla, 128 ; size of corolla in 
male flowers, 309; use of glands 
as a protection to flowers, Si 
Kirk, Dr., on Monochoria vaginalis , 
331 

Knoxia, 185 

Koch on Primula longiflora , 50 
Krascheninikowia , 312 
Kuhn, Dr., on cleistogamic flowers, 
8, 810, 311; list of plants pro- 
ducing differently formed seeds, 
9 ; heterostyled plants, 244 ; Van- 
dellia nmnmularifolia, 324; V. 
sesstflora, 325 

I. 

Larjcrstropmia Iudica , 167 

par pi flora, 168 

regime, 16H 

Lathy rue nissolia, 32G, 342 
Leooq, H., on the common maple, 
12; cowslips and primroses, 67 ; 
Primula elatior , 72 ; Linum Aus- 
Iriarum, 98 : Lythrwn hyssopi- 
folia, 166 : Phamnus , 296 ; gyno- 
diuM'inun plants, 2J19; Scabinm 
mecisa, 305 : Viola odorata, 8 1 7 
Leersia my (tides, 333-335 ; pollen- 
grains oil 338 

Leggett, Mr., Pontederia cordata , 
187 

Legitimate unions, summary on the 
fertility of the two, compared with 
that of the two illegitimate in Pri- 
mula, 46-49; fertility of, com- 
pered with illegitimate, 246 
Leighton, Rev. W. A., on the cows- 
lip and primrose, 56 ; Verbascum 
virgatum, 78 

Leontodon, pollen-grains, 388 
Leptosiphon, 119 
Leucomia acuminata, 114 

Bumettiana, 114 ; stigma, 253 

Lily, the Gloriosa, 146 
Limnanthemum Indicum , 116; pol- 
len-grains, 250 ; anthers, 252 
Linar i a spuria, 825 
Lindley on Fragaria elatior, 293 
Linnaeus on Primula, verb, 
and elatior, 56 
Linum angustifolium, 100 


tUHYiKTHItf. 

Linum Auttriacum, 97 

catharticum, 100 

oorymbiferum, 100 

flax mm, 81, 98 ; stamens, 252 

— - grandiflonm, 81 •, various ex- 
periments, 87-89, 96 ; pistils and 
stamens, 253, 254 ; sterile with its 
own-form pollen, 264, 266 
Lewimi, J01 

— perenne , 90; torsion of the 

styles, 95 ; long-styled form, 97 ; 
stigma, 247 

’ ' •" 100 
100 * 

- usitatisnimum, 100 
Lipostoma, 134 
LysimacMa vulgaris, 4, 342 
Lt/thrum Grteffrri, 165 

hyssopifolia, 166 k 

salioaria, 116, 137; power of 

mutual fertilisation between the 
three forms, H9-157; summary 
of results, 157-165; illegitimate 
offspring from the three forms, 
191-208; concluding remarks on, 
208-211 ; inid-stvled form, 241, 
257, 258, 280 ; s^da, 248 
thyini folia, 165 


Malpighiacem . 831 
Manettia tricolor, 135 
Maple, the common, 12 
Marshall* W., on Primula 
73: Plantago lanredata, 806 
Masters, Dr. Maxwell, on cleisto- 
gamic flowers, 8 

Maxi mow icz on Krascheninikowia, 
312 

Meehan, Mr., on MitcheUa, 285; 

Evigsra repens, 297 
Meh**a dinipodium, 299 

officinalis, 299 

Mello, Correa de, on Arachis, 312 ; 

Voandteia, 327 
Mentha aquatica, 299 

hirsute, 298 

vulgaris, 298 

Menyanthes, 311 
— trifoliata, 115 
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Michalet on Oxalis aoetomUa, 321 ; 

Linaria spuria* 323 
MUcheUa, 285 
— — repens, 125 

Hohl t H. Ton, on the common 
cowslip, 14 ; size of corolla in the 
sexes of the same species, 307, 
808 ; Trifolium and Araehis , 812 ; 
cieistogamic flowers, 814, 842; 
Oxalis aoetosella, 821 ; Im^aiims 
noli-me-tungere, 320 ; Specularia 
perfoliata . 830 
MoUia lepidoto , 168 

speeiosa, 168 

Monnier, M., on Viola , 818 
Monochoria vaginalis , 330 
Mulberry, the, 10 
Miiller, D„ on Viola canina, 314 
Miillor, Fritz, on pollen of the Ft7- 
larsia, 116; Fanmea, 128-130; 
Posoqueria fraijrans, 131 ; Nestea, 
167 ; Oxalis , 180, 181 ; Pontederia t 
188-185; Oxalis Begnelli, 212; 
Chamissoa, 292 

Miiller, H., on the frequency of 
visits by insects to the UmbelU- 
ferte and Composite, 5 ; on dicho- 
gamy, 10; on Anihophom and 
Bombylius sucking the cowslip, 
22 ; Primula elatior, 32 ; P. villosa , 
49; Hottonia palwtris , 51 ; table 
of relative fertility of, 52, 53; 
Linum oatharticum, 100; Poly- 
gonum fagopyrum, 1 13 ; Lythrum 
mlicaria, 145 ; on the origin of 
heterostylism, 263; on the La- 
biate, 299,804; Thymus terpyllum, 
300 ; Scabiosa ar tens is, 305 ; Plan- 
toga lanceolate, 306; size of co- 
rolla in the two sexes of the same 
species, 308 ; Impatient halsa- 
mina, 828 ; Lysimaehia , 343 
Myosotis, 308 

E. 

Nepeta gfechoma , 301 
A ertera, 285 
Nesma vertiHUata, 167 
Nokina prostrata, variability in 
length of stamens and pistil, 261 
Nyeteginia, 313 < 


a 

Olderdandia, 132 
Oleaoea, 117 

Oliver, Prof., on ovules of Primula 
verts, 17; Vioto, 318; Campanula 
colorata , 330 
Ononis columns^ 325 

miuutimma, 326, 341 

parviflora, 326 

Origanum vulgare, 298 

Oxalis acetosella , 181, 182 ; pistil of, 

261 ; cleistogamic flowers, 321 ; 
pollen-grains, 838 

Bowii, 179 

oompressa , 179 

comimdato, 181 

Deppei , 179 

hedysaroides , 213 

homostyled species, 181 

tncamafa, 322 

RegneUi, 173-17* 212 

rosea, 178, 213 

( Biophytum ) sensitiva, 181, 

322 ; stigma, 253 

speciosa , 169, 175, 212 

strida , 181, 182 

tropmoloides , 182 

Vcddioiana, 170-172, 211, 212 

Oxlip, the Bard well, 32, 72 

, the common, 55; differences 

in structure and function between 
the two parent-species, 56 ; effects 
of crossing, 60 ; a hybrid between 
the cowslip and primrose, 70 
Oxybaphus , 313 

P. ff 

Peeany, pollen-grains of, 838 
Parallelism between illegitimate and 
hybrid fertilisation, 239 
Pavonia, 313 
Phlox Hentzii, 120 
— nivalis , 120 

tubulate, 119, 287 

Planchon on Linum sahohides. 100; 

L. Leteisii, 101 ; on Hugonia, 100 
Plantago lanceolate, 306 
media, 807 

PolemoniaouB , 118 • 
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Pollen-grains, relative diameter of, 
249 

Polyanthus, 18 
Polygonaoese, 111 
Polygonum bistorta , 114 

fagopyrum, 111, 239; pollen- 

_ grains, 251 

>, 183; pollen-grains, 180; 
size of anthers, 252 

cordata, 187 

Posoqueria fragrant, 131 
Primrose, the common. 34, 57-71 
Primula , the, heterostyled species of, 
14 ; summary on, 45-49 ; homo- 
styled species, 49 

auricula, 30, 43, 48, 74, 223 

equal-styled varieties, 273 

cortusoides , 44 

data, 49 

elatior, Jacq., 32 ; relative fer- 
tility of the two forms, 33, 47 ; 
not a hybrid, 72, 73; equal-styled 
var. of, 224, 273 

farinosa , 45 ; equal-styled var., 

224, 273 

hirmta, 74 

invclucrata , 45 

longijlora, 50 

- mollis, 49, 50 

- Scotica, 49, 50 

- Sibirica, 49 

*, 44, 47 ! 

Sinensis, 22, 30, 38 ; relative 

fertility, 39-43, 47, 49; long- 
styled, 213; short-styled. 215; 
transmission of form, constitution ! 
and fertility, 210; equal-styled j 
variety, 218-223, 273, 274 j 

striata, 50 

verts, 14; difference in struc- 
ture between the two forms, 15; i 
degrees of fertility when legiti- 
mately or illegitimately united, 
25-32; fertility possessed by ille- 
gitimate plants, 228-234 ; equal- : 
styled red variety, 234-238 ; long- I 
styled, 241 ; length of pistil, 201, ' 
206 1 

— vertieMuta, 49, 50 
vfUota , 49 

— vulgaris (var. aeavlit Linn.", 
34 ; pollen-grains, 35 ; relative fer- ; 


4KTHIA* 

tility of the two forms. 37; length 

of pistil, 266 

Primula vulgaris, var. rubra, 224*228 
Prunella mdgaris, 299 
Psychotria , 135 

Pulmonaria angusHfoUa , 104, 239 ; 

anthers, 252, 287 
azurea, 110 1 

— officinalis, 101, 238 ; number of 
flowers, 248 ; pistil, 250 


Ranunculus aquatilis , 311 
Hay-florets, their use, 5, 6 
Rhamnus catharticus, 294, 307 ; size 
of corolla, 808 

frangula, 297 

lanceolatus , 295 

Rhhtanihw crista-galli, 4 
Rubiacete , 125, 131-136; size of 
anthers, 252 ; stigmas, 253 ; 
number of heterostyled genera, 
284, 285 

Rudgea eriantha , 185 
Rue, the common, 9 
Ruellia tuberosa , 329 


8 . 

Salvia , 308 

deistogama , 340 

Horminum, 8 

Satureia hortensis, 303, 804 
Scabiosa arvensis, 305 

atro-purpurea, 805, 807 

succisa, 805 

Scott, J., on Primula auricula, 30, 
43, 223; P. vulgaris, 34; (var. 
rubra), 224 ; P. Sikkimensis , 44 ; 
P. farinosa , 45, 224 ; homostylcd 
Primulas, 49, 50 ; hybrids. 74, 75 ; 
length of pistil, 272; Hottonia 
palustris , 51; Andmsace vital - 
liana, 53; Polyanthus, 58; Mti- 
chdla repens, 127; AcanthaoesB, 
313; Erauthemum ambiguum bear- 
ing tliree kinds of flowers, 329 
Scrophularia aquatioa, 147 , 
Serratula tinctoria, 280, 807 
Sethia acuminata , 122 
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Setliia obbmfoUa, 122 • , 

Smith, Sir J. E., on the carrot, 8 ; 
hybrid Verbatoums, 76, 78; Ser- 
rahda Mndoria , 280; Cnicus, 
807; SvbtdaHa, 311 
SoldaneUa, alpine i, 54 
Speculorfo perfoliate t, 880 
Spence, Mr., on AfoSia, 168 
Bpermacooe, 135 

Sprengel on Hottonia palustris , 51 
Stellaria graminea , 313 
Strawberry, the Hautbois, 298 
Subularia, 311 
Swferia, 131 

T. 

Thelymitra, 313 

Thomson, Dr., on Campanula, 330 
Thrum-eyed, origin of term, 14 
Thw&ites, Mr., on ovules of Lim~ 
nanthemum Indicting 116 ; Sethia 
acuminata , 122; IHscospermtm , 
286 

Thymdia , 114 
Thymus citriudorus , 801 

servyllum, 299, 301, 302, 304 

vulgaris , 802 

Timhftl-LnKrave, M., on hybrids in 
genus CiritM, 76 

Torrey, Dr., on Eottonia inflata , 
53, 313 

Transmission of the two forms of 
heterostyled plants, 268-270 
Treviranua on dncZrosace wfaZ- 
liana, 53; Linum, 81 


V. 

VandeBia vummularifolia, 824 
— mssiflora , 325 
Vaucher on the carrot, 8; SoZda- 
nefla alptna, 54; Lythrum soli- 
mria, 188, 144; Zr. tiiymifoUa, 
165; Hex aqvifolium, 297; on 


WBAY., 

Labiate, 299; Ftola ftirto and 
odUna , 817 

Ferbaseum, wild hybrids of, 75-80 

lyehnitis, 30,76-78 

— pheenioeum , 78 

thapsus, 76-79 

virgatum,78 

Viburnum, 6, 7 
Ffcta, 327 

ViUarsia, 116; anthers, 252 
FtoZa alba, 315, 3*0 

bicolor, 820 

biflora, 320 

canina, 314, 321 

ooUina, 317 

elatior, 320 

Wrta, 318, 320 

ionodium , 320 

lancifoUa , 320 

mirabihs , 320 

nana, 819, 320; pollen-grains 

of, 838 

odorata , 317, 386 

palustris , 320 

Roscburghiana , 319 

Ruppii , 320 

sylvutica , 320 

tricolor , 4, 820 

Foandreia, 327 


W. 

Walnut, the, 10 

Watson, H. C., on oowalips, prim- 
roses, and oxlips, 57, 60, 63; 
Primula elatior, 72, 78 
Weddell, Dr., on hybrids between 
.deems and Ordiis, 76 
Wetterhan, Mr„ on Corylus, 10 
Wichura, Max, on hybrid willows, 
" 76 ; sterile hybrids, 240 
Wirtgen on Lythrum salicaria, 138, 
144, 148 

Wooler, W., on Polyanthus, 18 
Wray, Leonard, on Fragaria, 293 
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Illustration of the Manners and Mmals of the Age. Post Svo. 10*. (kf. 

FRANCE (History of). [Sec Jerws— Markham — Smith — STU- 
DENTS' — TocgUKVILLlLj 

FRENCH IN ALGIERS ; The Soldier of the Foreign Legion— 
and the Prisoners of Abd-el-Kadir. Tjannlatod by Lady Duff Gordon. 
Post 8 vo. 2s. 

FRERE (Sir Bartle). Indian Missions. Small 8vo. 2 8 . 6d. 

Eastern Africa as a Field for Missionary Labour. With 

Map. Crown Svo. 5s. 

Bengal Famine. How it will be Met and How to 

Prevent Future Famines in Ind ia. With Maps. Crown Svo, 6m. 

(M.). Old Deccan Days, or Hindoo Fairy Legends 

current in Southern lndin, with Introduction by Sir Bautlk Fiierk. 
With 50 Illustrations. Post Svo. 7s. 0V. 

GALTON (F.). Art of Travel ; or. Hints on the Shifts and Con- 
trivances available In Wild Countries. Woodcuts. Post Svo. 7*. 6d. 
GEOGRA PHY. [See Bunbcry — Croker — B iohardson — Smith 
— Studkitis’.J 

GEOGRAPHICAL SOCIETY’S JOURNAL. {PvUwhed Yearly.) 
GRORGE (Erkest). The Mosel ; a Series of Twenty Etchings, with 

Descriptive Letterpress. Imperial 4to. 42.t. 

Loire and South of France; a Series of Twenty 

Etchings, with Descriptive Text, l'olio. 42*. 

GERMANY (History of). [See Markham.] 

GIBBON (Edward). History of the Decline and Fall of the 
Homan Empire. Edited by M it man, Guizot, and Dr, Wm. Smith. 
Maps. 8 Yola. 8vo. 60/. 

The Student’s Edition ; an Epitome of the above 

work, incorporating the lieseuphes of Kecent Commentators. By Dr. 
Wm. Smith. Woodcuts. Post Svo. 7/. 6d. 

GIFFARD (Edward). Deeds of Naval Daring ; or, Anecdotes of 
the British Wavy. Fcap. 8vo, 8s. fld. 
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LIST OF WORKS 


GILL (Capt. Wh). The Fiver of Golden Sand, Narrative 

of a Journey through China to Burmab. With a Preface by CoL H* 
Yule, C.B. Maps and Illustrations. 2 Vols. 8vo. 30 i. 

(Mbs.). Six Months in Ascension. An Unscientific Ac* 

count of a Scientific Expedition. Map. Crown 8vo. 9a. 

GLADSTONE (W. E.). Home and the Newest Fashions in 

Religion. Three Tracts. 6vo. 7s. 6rf. 

Gleanings of Past Years, 1843-78. 7 vols. Small 

8vo. 2a. 6</. each. 1. The Throne, the Prince Contort, the Cabinet and 
Constitution. II. Personal and Literary. III. Historical and Specu- 
lative. IV. Foreign. V. and VI. Ecclesiastical. VII. Miscellaneous. 

GLEIG (G. R.). Campaigns of the British Army at Washington 

and New Orleans. Post 8vo. 2 1 , 

Story of the Battle of Waterloo. Post 8vo» 3s. 6d. 

Narrative of Sale's Brigade in Afghanistan. Post 8Vo. 2s, 

Life of Lord Clive. Post 8vo. 3s. 6d. 

Sir Thomas Munro. Post 8vo. 3s. 6d . 

G LYNNE (Sir Stephen K). Notea on the Churches of Kent; 

With Preface hy W. II. Gladstone, M.P. Illustrations. 8vo. 12#, 
GOLDSMITH'S (Oliver) Works. Edited with Notes by Peter 
Cunkihohah. Vignettes. 4 Vols. 8vo. 30a. 

GOMM (Sir Wm. M.), Commandcr-in-Chief in India, Constable 
of the Tower, and Colonel of the Coldatrefim Guard a. lliR Letters and 
Journals. 179J to 1815. Edited by F.C. Carr Gomrn. With Portrait. 
8vo. 12#. 

GORDON (Sir Alex.). Sketches of German Life, and Scenes 

from the War of Liberation. Post8vo. 8«. 6 d. 

- . (Lady Duff) Amber-Witch : A Trial for Witch* 

craft. Post hvo. 2 #. 

French in Algiers. 1. The Soldier of the Foreign 

Legion. 2. The Prisoners of Abd-el-Kadir. Post 8vo. 2#. 
GRAMMARS. [See Curtiub ; Hall; Hutton; King Edward; 
Lkathkh; Mat£T7.neb; Mattiu/e; Smith.} 

GREECE (History of). [See Groth — Smith — Students'.] 
GROTE’S (George) WORKS 

History of Greece. From the Earliest Times to the close 
of the generation contemporary with the Death of Alexander the Great. 
Library Kditum, Portrait, Maps, and Plans. 10 Vols. 8vo. 120#. 
Cabinet Edition. Portrait and Plans. 12 Vols. Post 8vo. 6#. each. 

Plato, and other Companions of Socrates, 3 Vols. 8vo. 45s. 
Aristotle. With additional Essays. 8vo. 18?. 

Minor Works. Portrait. 8ro. 14$, 

Letters on Switzerland in 1847. 6s. 

Personal Life. Portrait. 8m 12.?. 

GROTS (Mrs.). A Sketch. By Ladt Eastlakk. Crown 8vo. 6s. 
HALL’S (T. D.) School Manual of English Grammar. With 
Copious Exercises. 12mo. 3s. Od. 

Manual of English Composition. With Copious Illustra- 

tions and Practical Exercise*. IS too. Bs. 6 cl 

— Primary English Grarifinar for Elementary Schools. 

Based on the larger work. 16mo. 1#. 

Child's First Latin Book, comprising a full Practice of 

onns, Pronouns, and Adjectives, with the Active Verbs. I6rao. 
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HALLAM'S (Haunt) WORKS 

The Constitutional History of E-islahd, from the Acce«- 
Bion of Heury the Seventh to the Death of George the Second, Library 
Edition, 8 Vole. 8vo, 80*. Cabinet Edition, 8 Vole. Post 8vo. 12 a. Stu- 
dent' g Edition , Pout 8vo. 7s. 6d. 

History op Europe during the Middle Ages/ Library 
Edition, 8 Vols. 8vo. 30i. Caldnet Edition, 3 Vols. Post 8vo. 12 a, 
Student's Edition, Post 8vo. 7 a. 6d. 

Literary History op Europe during the 15th, 16th, and 

17tii Cbntuhiks. Library Edition, 3 Vols. 8vo. 86a. Cabinet Edition , 
4 Vole. Post8vo. 16«. 

- (Arthur) Literary Remains; in Verse 'and Prose, 

Portrait. Fcap.8vo. 8s. 6d. 

HAMILTON (Andrew). Rheineberg : Memorials of Frederick the 

Great and Prince Henry of Prussia. 2 Vols. Crown 8vo. 21 a. 

HART’S ARMY LIST. (Published Quarterly and Annually.) 

HATCH (W. M.). The Morai Philosophy of Aristotle, con- 
sisting of a translation of the Nichomachoan Ethics, and of tho Para- 
phrase attributed to Audronicus, with an Introductory Analysis of each 
book. 8vo. 18s. 

HATHERLEY (Lord). The Continuity of Scripture, as Declared 
by the Testimony of our Lord and of tho Evangelists and Apostles. 
Bvo. 6 a. PopuUir Edition. Post 8vo. 2 a. 64. 

HAY (Sir J. H. Drummond). Western Barbary, its Wild Tribes 
and Savage Animals. Post 8vo. 2 a. 

HAYWARD (A.). Sketches of Eminent Statesmen and Writers, 
with other Essays. Reprinted from the “Quarterly Review.” Contents: 
Thiers, Bismarck, Cavour, Mettornicli, Montalcmbert, Melbourne, 
■Wellesley, Byron and Tennyson, Venice, St. Simon, Sovlgud, Du 
Deffaud, Holland House, Strawberry llill. 2 Vols. 8vo. 28 a. 

HEAD’S (Sir Francis) WORKS 

The Royal Engineer. Illustrations. 8vo. 12$. 

Life op Sir John Burgoyne. Post 8vo. 1$. 

Rapid Journeys across the Pampas, Post 8vo. 2$. 
Bubbles prom the Brunnen op Nassau. Illustrations. Post 

8vo. 7 a. w. 

Stokers and Pokers ; or, the London and North Western 

Railway. Post Svo. 2 a. 

HEBER’S (Bishop) Journals in India. 2 Vols. Post 8vo. 7a. 

Poetical Works. Portrait. Fcap. 8ro. Ze. 6<L 

— Hymns adapted to the Church Service. 16mo. la. 6d. 

HERODOTUS. A New English Version. Edited, with Notes 

and Essays, Historical, Ethnographical, and Geographical, by Canon 
Rawunson, Sir H. Rawlinson and Sib J. G. Wilkinson. Maps and 
Woodcuts. 4 Vols. Svo. 48 a. 

HERRIE3 (Rt. Hon. John). Memoir of his Public Life during 
the Reigns of George III. and IV., William IV,, and Queen Victoria. 
Founded on his Letters and other Unpublished Documents, liy his 
son, Edward Herries, C.B. 2 vols. 8vo. 24t. 
llERSCHEL’S (Caroline) Memoir and Correspondence. By 
Mbs, John Herjiciisl, With Portraits. Crown 8 vo. 7s. 6 d. 
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FOREIGN HANDBOOKS. 

HAND-BOOK— TRAVEL-TALK. English, French, Germ&n, and 

Italian. 18mo 3« 8d 

HOLLAND AND BELGIUM. Map and Plana. 

Post 8vj) 6» 

NORTH GERMANY and THE RHINE, - 

11 o Black. Toiest, the Haiti, Tluliingtrwald, Savon Switmland, 
Mi en, the (riant Mountains, Taunus, Odiuwald, Lira.*., and Loth- 
rinjren Map md Plans. Post Bvo 10 a. 

SOUTH GERMANY, — Wurtembnrg, Bavaria, 
Austna, Styih, bal/buig, the Alps Tyrol, lluugary, and the Danube, 
flora Ulm to the Ulacfc Sea Maps and Plans. Post 8vo 10a 

PAINTING. German, Flemish, and Dutch School*, 

lllustiatloiw 2 Vols rout 8vo 21 a 

LIVES AND WORKS OF EARLY FLEMISH 

PamUis. Illustrations PcntJsvo 7 a bJ. 

- SWITZERLAND, Alps of Savoy, and Piedmont 

In *1 wo Parts Maps and PI ms Post 8vo. 10* 

FRANCE, Part J. N ormandy, Brittany, the French 

Alps, the Loire, Stine, Garonne, and Pyieneca. Mips and Plans 
1’OhtSvO. 7#. Ui 

- - - Part II. Cential France, Auvergne, the 

(\ vennr h Buigmirty, the Jthone and Saono, 1’iovence, Nunes, Arles, 
MarseilHs, tin litmli Alps, Alsace, Lunaiue, Champagne, Ac Maps 
and PI ms Post 8vo 7s SJ 

MEDITERRANEAN— its Principal Islands, Cities, 
Scapoits Haibouis, and Uadi r Land* ltd tiAvollera and yachtsmen, 
\uth nuaily 50 Maps and Plans P at 8io 20* 

ALGERIA AND TUNIS. Algiers, Constantine, 

Otan, the Atlas Range Maps and Plans Post 8vo 10# 

- PARIS, and its bn viioub. Maps and Tlans. 10mo. 
3s 6tl. 

- SPAIN, Madnd, The Castiles, The Basque Provinces, 

Leon, The Abtunan, Galicia, Lstiemadura, Andalusia, Honda, Gianada, 
Muuta, Valencia ( atalouia, Augon, Navatre, The Balearic Islands, 
Ac At Maps and liana. PoatSvo 2Ca 

PORTUGAL, Lisboh, Porto, Cintra, Mafra, Ac. 

Map and Plan. Post bvo 12# 

NORTH ITALY, Turin, Milan, Cremona, the 

Italian Labes, Beigamo, Brescia, Verona, Mantua, Vicenza, Padua, 
leriaia, Bologna, ltav < nna, Kiuiiui, Piacmia, Genoa, the Kivieia, 
Venice, Paima, Modtna, 'and Komagna Maps and Plans Post8vo 10#. 

CENTRAL ITALY, Florence, Lucca, Tuscany, The 

Marches, rmbiia, &c Maps and Plans Post 8vo 10#. 

ROME ahd its Ekviboks. With 50 Maps and 

Plan i Tout b\ > 10v 

- - - - SOUTH ITALY, Naples, Pompeii, Herculaneum, 

and Vesuvius Maps aud Plans Post 8vo. 10#. 

PAINTING. The It*h»u School). Iltotntioiu. 

2 Vot,. Prat 8ro. 30. 

LIVES OF ITALIAN PAINTERS, won Couin 

to Bibgivo. By Mi, Juuot Portrait*. Post Bvo. 13# 

NORWAY, Christiania, Bergen, Trondlyem. The 

Fjtlds and Fjords. Maps end Plans. Post 8vo. 9# 

SWEDEN, Stockholm, Upsala, Gothenburg, the 

Shoreb of the Baltic, A . Maps and Plan. Post Bvo. 6 $, 
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HAND-BOOK-— DENMARK , Sleswig, Holstein, Copenhagen! Jut** 

land, Iceland. Maps and Plans. Post Bvo. 6«. 

RUSSIA, St. Petersbueo, Moscow, Poland, and 

Fimlakd. Maps and Plans. Post bvo. 18a. 

GREECE, the Ionian Islands, Continental Greece, 

Athens, the Felnponnenus, the Inlands of tho ./Egoan gnu, Albania, 
Thessaly, and Macedonia. Maps, Plans, and Views. Post Bvo. 

TURKEY IN ASIA — Constantinoplb, the Bos- 
phorus, Dardanelles, Brousa, Plain of Troy, Crete, Cyprus, Smyrna, 
Ephesus, the Seven Churches, Coasts of the Black Soa, Armenia, 
Euphrates Valley, Route to India, Ac, Maps and Plans. Post Bvo. li>*. 

EGYPT, including Descriptions of the Course of 

the Nile through Egypt and Nubia, Alexandria, Cairo, and Tlwima, the 
Suez Canal, the Pyramids, lho Peninsula of Sinai, tho Oases, the 
Fyoom, &c. In Two Parts. Maps and Plans. Post Bvo. 15s. 
HOLY LAND — Syria, Palestine, Peninsula of 

Sinai, Edom, Syrian Doacrts, Petra, Damascus ; and Palmyra. Maps 
and Plans. Post 8vd. 20$. Travelling Map of Palestine. In a 
case. 12s. 

■ INDIA. Maps and Plans. Post 8vo. Parti. 

Bombay, 15a. Part H. Madras, 15s, Part 111. Bknuaj,, 


ENGLISH HAND-BOOKS. 

HAND-BOOK— ENGLAND AND WALES. An Alphabets 
Hand-Book. Condensed Into One Volume for the Uso of Travellers, 
With a Map. Post Bvo. 10s. 

— MODERN LONDON. Maps and Plana. 16iuo. 

8s. 6d. 

ENVIRONS OP LONDON within a circuit of 20 

milei. 2Vols. Crown Svo. 2D. 

ST. PAUL’S CATilEDUAL. 20 Illustration.. 

Crown Svo 10*. 6-f. 

EASTERN COUNTIES, Chelmsford, Harwich, Col- 
chester, Maiden, Cambridge, Ely, NewniArket, Buiy St. Edmunds, 
Ipswich, Wood bridge, Felixstowe, Lowestoft, Norwich, Yaj mouth, 
Cromer, Ac. Map and Plaus. Poet Bvo. 12s. 

CATIIBDKALS of Oxford, Peterborough, Norwich, 

Ely, and Lincoln. Witl» B0 UluRtrotioiiH. Crown Svo. 21«. 

KENT, Canterbury, Dover, Ramsgate, SlieerneMs, 

Rochester, Chatham, Woolwich. Maps and Plans. Post Bvo. 7e. Gel. 

- — SUSSEX, Brighton, Chichester, Worthing, Hastings, 

Lewes, Arundel, dec. Maps and Plans. Post Bvo. 6s. 

SURREY AND HANTS, Kingston, Croydon, ltei- 

gate, Guildford, Dorking, IL-xhi 11, Winchester, Southampton, No 
Forest, Portsmouth, Isle of Wight, Sic. Maps and Plans. Post Bvo. 
10 *. 

BERKS, BUCKS, AND OXON, Windsor, Eton, 

Reading, Aylesbury. Uxbridge, Wycombe, Henley, the City and Uni- 
versity of Oxford, Blenheim, and tho Descent of the Thames, Maps 
and Plane. Post Bvo. 

WILTS, DORSET, AND SOMERSET, Salisbury, 

Chippenham, Weymouth. Sherborne, Weils, Bath, Bristol, Taunton, 
Arc. Map. Poet Bvo. 10*. 

— DEVON, Exeter, Ilfracombe, Linton, Sidmoulb, 

Dawlish, Teignmouth, Plymouth, Devonport, Torquay. Maps and ' 

Post Svo. 7s. 6 d. 



GLOUCESTER, HEREFORD, and WORCESTER, 

Vttve**** Wt, Cb*H*nbMK Stroud, Tewkesbury, Leominster, Ross, Mai- 
rm, KktdwrmioMtor, Dudley, Broxusgrove, Evesham. Map. Post8vo. 
CA THEDRA LS of Bristol, Gloucester, Hereford, 

WozfH#tor,*ad LMxtbtd. With 60 JlluatraUiooB. Crown 8ro. IBs. 

WORTH WALES, Bangor, Carnarvon, Beaumaris, 

Snowdon, Uanberia, Dolgelly, Cader Idris, Conway, &c. Map. Post 

- SOUTH WALES, 3fonmouth, Llandaff, Merthyr, 
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Vale of Neath, Pembroke, Carmarthen, Tenby, Swansea, The Wye, Ac. 

Map. Post 8vo. 7 a. 

CATHEDRALS OF BANGOR, ST. ASAPH, 

Llandaff, and St. David’s. With Illustrations. Post 8vo. 15a. 

NORTHAMPTONSHIRE AND RUTLAND— 

Northampton, Peterborough, Towcester, Daventry, Market Har- 
borongh, Kettering, Wallingboroug)), Tbrapston, Stamford, Upping- 
ham, Oakham. Maps. Post 8vo. 7a. 6d . 

DERBY, NOTTS, LEICESTER, STAFFORD, 

Matlock, Bakewell, Chatsworth, The Peak, Buxton, Hardwick, Dove 
Date, Asbborne; Southwell, Mansfield , Retford, Burton, Belvoir, Helton 
Mowbray, Wolverhampton, Lichfield, Walsall, Tain worth. Map. 
Post 8vo. 9a. 

- SHROPSHIRE and CHESHIRE, Shrewsbury, Lud 

- . ... i 7*i * Alil.nlAir fit/u>lrnAr( 
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low, Bridgnorth, Oswestry, Chester, Crewe, Alderloy, Stockport, 
Birkenhead. Maps and Plans. Post 8vo. 6a. 
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LANCASHIRE, Warrington, Bury, Manchester, 

Liverpool, Burnley, Clitheroe, Bolton. Blackburn, Wigan, Preston, 
lloclidale, Lancaster, Southport. Blackpool, Ac. Maps and Plans. 

l>O8t8V0 ‘Y0RKSHIRE, Doncaster, Hull, Selby, Beverley, 
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Scarborough, Whitby, Harrogate, Ripou, Leeds, Wakefield, Bradford, 
Halifax, Huddersfield, Sheffield. Map and Plans. Post 8vo. 12#. 

CATHEDRALS of York, Ripou, Durham, Carlisle, 

... . . ... > 71 an O Vn!a Sim. 91 * - 


Chester and Manchester. With 60 Illustrations. 2 Vols. Cr. 8vo. 21# 
DURHAM A*D NORTHUMBERLAND, New- 
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castle. Darlington, Gateshead, Bishop Auckland, Stockton, Hartlepool, 
Sunderland, Shields, Ber wick-on-Tweed, Morpeth, Tynemouth, Cold- 
stream, Alnwick, Ac. Map. Post 8vo. 9#. 

WESTMORLAND and CUMBERLAND— Lan- 
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caster, Furness Abbey, Ambleside, Kendal, Windermere, Coniston, 
Keswick, Grasmere, Ulswater, Carlisle, Cockermouth, Penrith, Appleby. 
Map. Post 8vo. 

*,* Murray's Map or tub Lark District, on canvas. 3#. 6 d. 

_ SCOTLAND, Edinburgh, Melrose, Kelao, Glasgow, 

Dumfries, Ayr, SUrliug, Arran, The Clyde, Oban, Inverary, Loch 
Lomond, Loch katrine and Trossachs, Caledonian Canal, Inverness, 
Perth, Dundee , Aberdeen, Braemar, Skye, Caithness, Boss, Suther- 
land, Ae. Maps and Plans. Post 8vo. 9#. 

IRELAND, Dublin, Belfast, the Giant’s Cause- 
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way, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Ki Har- 
ney, Ban try, Gienganff, Ac. Maps and Plans, Post 8vo. 10#. 
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HOMS AHD COLONIAL LIBRARY. A Series of Works 

• adapted for all circles aud classes of Headers, having been 

for their acknowledged Interest, and ability of the Authors, Pont 
* Published at 2*. and 8#. 6d. each, aud arranged under two distinctive 
beads as follows : — 

CLASS A. 


HISTORY, BIOGRAPHY, 

1. SIEGE OP GIBRALTAR. By 
./Off* Drinhwatbr. 2a . 

X THE AMBER-WITCH. By 
Lady Durr Gordon. 2s. 

8. CROMWELL AND BUNYAN, 
By Rohjebt Southey, 2s. 

A LIFEof Sir FRANCIS DRAKE. 
By John Barrow, 2s. 

5. CAMPAIGNS AT WASHING- 

TON. By Ruv. G.R, Gi.eig, 2*. 

6. THE FRENCH IN ALGIERS. 

By Lady Dufk Gordon, 

T. THE FALL OF THE JESUITS. 

8. LIVONIAN TALES. 2*. 

8. LIFE OF COND& By Lord Ma- 
hon. 3a. 6d, 

10. SALE’S BRIGADE. By Rev. 
G. K . Glxig. 2s. 


AND HISTORIC TALES. 

! U. THE SIEGES OF VIENNA. 
By Lord T 

12. THE WAYSIDE CROSS. By 

Capt, Mir, man. 2s, 

13. SKETCHES of GERMAN LIFE. 

By 8m A. Gordon. 8*. Orf. 

I 14. THE BATTLE of WATERLOO. 

15. AUTOBIOGRAPHY OF STEF. 

FENS. 2a. 

16. THE BRITISH POETS. By 

TUOMAN 0 AM>*UKI,L. 8a. 0if. 

1 17. HISTORICAL ESSAYS. By 
Lom> Mahon, 8a. fid. 

18. LIFE OF LORD CLIVE. By 

Kiev. G. II. Gi.kio. 3a. 6d. 

19. NORTH - WESTERN RAIL- 

WAY. By Sih P. B. II bad. 2# 

| 20. LIFE OF MUNRO. By R*v. G. 

I K. Glbig. 8a. 6 d. 


CLASS B. 


VOYAGES, TRAVELS, 

1. BIBLE IN SPAIN. By GaoztaK 

Borrow. 8a. fid . 

2. GYPSIES of SPAIN. By George 

Borrow. 3a. fid . 

8&4. JOURNALS IN INDIA, By 
Bjbhop Deb kb. 2 VoJs. 7#. 

6. TRAVELS in thk HOLY LAND. 
By Irbv and Mancu.isb. 2a, 

6. MOROCCO AND THE MOORS. 
By J. Drummond Hay. 2a. 

i BALTIC. 

6. NEW SOUTH WALE8. By Mbs. 
Meredith. 2 a. 

9. THE WEST INDIES. By M 0. 
Lewis. 2s. 

10. SKETCHES OF PERSIA, By j 

Sir John Malcolm. 8a. fid . 

11. MEMOIRS OF FATHER K1PA. 

2s. 

12 A 13. TYPEE AND OMOO. By 
Hermann Melville. 2 Vola. 7s. 

14. MISSIONARY LIFE IN CAN- 
ADA. By Err. J. Abbott. 2a. 

%* Each work ma; 


AND ADVENTURES. 

15. LETTERS FROM MADRAS. By 

a Lady. 2a. 

16. HIGHLAND SPOUTS. By 

Ciiahlen St. Joun. 3a. 6d. 

17. PAMPAS JOURNEYS. By SIR 

F. B. Head. 2 a. 

18 GATHERINGS FROM SPAIN. 
By Kiciiakd Ford. 8a. tkC 

19. THE RIVER AMAZON. By 
W. II. Edwabds. 2a. 

> 20. MANNERS & CUSTOMS OF 
, INDIA. By Kvr.C. Act and. 2a. 

21. ADVENTURES IN MEXICO. 

By G. F. Ruxton. 8s. L*. 

22. PORTUGAL AND GALICIA. 

By Loud Carnarvon. 8a. fid, 

BUSH LIFE IN AUSTRALIA. 
By Rev, H. W. Hayoartm. 2a. 

24. THE LIBYAN DESERT. By 

Baylb St. John. 2a. 

25. SIERRA LEONE. By A Lady. 


be bad separately, 
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LIST OK WORKS 


HOLLWAY (J. G.). A Month in Norway. Fcap. 8vo. 2s. 
HONEY BEE, By Rev. Thomas Jambs* Fcap. 8vo. Is.] 

HOOK (Dbah). Church Dictionary. 8vo. 18#. 

(Theodore) Life. By J. G. Lockhart, Fcap. 8vo. Is. 

HOFE (A. J. Beresford). Worship in the Church of England. 

8vo. fl*., or, Popular Selection* /nm. 8vo. 2t.6d. 

HORACE ; a New Edition of the Text. Edited by Dean Milman. 

With 100 Woodcut*. Cmw 8vo. 7*. Gd. 

HOUGHTON'S (Lori.) Monograph,, Personal and SociaL With 
Portraits. Crown 8vo. 10*. 6 d. 

Poetical Works. Collected Edition . With Tor* 

trait. 2 Vols. Fcap. 8v r o. 12*. 

HOUSTOUN (Mrs.). Twenty Years in the Wild West of Ireland, 
or Life In Connaught, Post 8vo, 9/. 

HUME (The Student's). A History of England, from the Inva- 
sion of Julius Ca?sar to the Revolution of 1688. New Edition, revised, 
corrected, and continued to the Treaty of Merlin, 1878. By J. 8. 
Brewer, M.A. With 7 Coloured Maps & 70 Woodcuts. Post 8vo.7t.6d. 

HUTCHINSON (Gen.). Dog Breaking, with Odds and EndB for 
those who love the Dog aud the Gun. With 40 Illustrations. Crown 
8vo. 7 1 . 6<2. 

HUTTON (II. E.). Frincipia Grseca; an Introduction to the Study 
of Greek. Comprehending Grammar, Delectus, and Exercise-book, 
with Vocabularies. Sixth Edition. 12mo. 8 a. 6 d, 

HYMNOLOGY, Dictionary of. See Julian. 

INDIA. [See Elpiiinstonk, Hand-book, Temple.] 

IRBY AND MANGLES' Travels in Egypt, Nubia, Syria, and 

the Holy Land. Tost 8vo. 2*. 

JAMESON (Mrs.). Lives of the Early Italian Painters — 
and the Progress of Painting in Italy— Cimabue to Bassano. With 
BO Portraits. Post 8vo. 12*. 

JAPAN. [See Bird, Mossman, Mounsey, Reed.] 

JENNINGS (Louis J.). Field Paths and Green Lancs in Surrey 

and Sussex. Illustrations. Post 8vo. 10*. Gd. 

Rambles among the Hills in the Peak of Derbyshire 

and on the South Downs. With sketches of people by the way. With 
23 Illustrations. Post 8vo. 12*. 
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Industrial Biography; or, Don Workers and Tool Makers. 

Post 8vo. 6r. 

Boy’s Voyage Round the World. Illustrations. Post 8yo. 6*. 
SMITH (Dr. George) Student’s Manual of the Geography of India. 

Post 8vo. 

Life of John Wilson, D.D. (Bombay), Mis&ionaiy and 

Philanthropist. Portrait. Post 8vo. .fls. 

(Philip). History of the Ancient World, from the Creation 

to the Fall of the Roman Empire, a.d. 476. 8 Vols. 8vo. Sir. 6d. 

SM ITH’S (Dr. Wm.) DICTIONARIES 

Dictionary of the Bible; its Antiquities, Biography, 
Geography, and Natural History. Illustrations. 8 Vols. 8vo. 106a. 
Concise Bible Dictionary. With 300 Illustrations. Medium 
8vo. Sir. 

Smaller Bible Dictionary. With Illustrations. Post 

8 vo. 7*. 6(1. 

Christian Antiquities. Comprising the History, Insti- 
tutions, and Antiquities of the Christian Church. With Illustrations. 
2 Vola. Medium Bvo. 3J.13r. 6d. 

Christian Biography, Literature, Sects, and Doctrines ; 
from the Times of the Apostles t<> the Age of Clmrletnu^ne. Medium 8vo. 
Vola. I. & II. 31r. 6tZ. each. (To be completed in 4 Vols.) 

Greek and Roman Antiquities. With 500 Illustrations. 
Medium 8vo. 28r. 

Greek and Roman Biography and Mythology, With. 600 

Illustrations. 8 Vols. Medium 8vo. 42. 4r. 

Greek and Roman Geography, 2 Vols. With 500 Illustra- 
tions. Medium 8vo. 6 6r. 

Atlas of Ancient Geography— Biblical and Classical. 

Folio. 62. O'*. 

Classical Dictionary of Mythology, Biography, and 

Geography. 1 Vol. With 760 Woodcuts. 8vo, 18*. 

Smaller Classical Dictionary. With 200 Woodcuts. Crown 
8vo* 7«. 6 d. 

Smaller Greek and Roman Antiquities. With 200 Wood- 

cuts. Crow* 8vo. 7*. (id. 

Complete Latin English Dictionary. With Tables of the 
Boman Calendar,. Measures, Weights, and Money. 8ro. 2!r. 

Smaller Latih-Ekgush Dictionary. 12mo. 7s. 6rf. 
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SMITH'S (Dr. Wm.) Dictionarijm — continued. 

Copious and Critical Englibh-Latin Dictionary. 8vo. 21a/ 
Smaller English-Latin Diction ary. 12mo. 7*. Cd, 

SMITH'S (Da. Wm.) ENGLISH COURSE 

School Manual of English Grammar, with Copious Exercises. 
Post 8 vo. 3*. 6d. 

Primary English Grammar. lCmo. Is. 

Manual ok English Composition. With Copious Illustra- 
tions and Practical Exercises. 12mo. 8*. 6d. 

Primary History of Britain. 12mo. 2s. 6d. 

School Manual of Modern Geography, Physical and 
Political. Pont 8vo. 5*. 

A Smaller Manual of Modern Geography. 16mo. 2 s. ttd. 
SMITH'S (Dr. Wm.) FRENCH COURSE : — 

French Prtncipia. Part I. A First Course, containing a 

Grammar, Delectus, Exercises, and Vocabularies. 12mo. 3a. W. 

Appendix to French Prinoipia. Part I. Containing ad- 
ditional Exercises, with Examination Papers. 12mo. 2*. Ut(. 

French Prinoipia. Part 11. A Reading Book, containing 
Fables, Stories, and Anecdotes, Natural History, and Scenes from tlie 
History of France. With Grammatical Questions, j Notos and copious 
Etymological Dictionary. 12mo. 4#. &f. 

French Principia. Part 111. Prose Composition, containing 

a Systematic Course of Exorcises on the Syntax, with the Principal 
Kales of Syntax. 12iuo. [/a the Pres*. 

Student's French Grammar. By C. Heron-Wall. With 
Introduction by M. Littrc. Post fevo. Is. 

Smaller Grammar of the French Language. Abridged 

from the above, 12mo. 3s. (W. 

SMITH'S (Dr. Wm.) GERMAN COURSE 

German Principia. Part I. A Pint German Course, contain- 
ing aGrammar.Delcctus, Exercise Book, and Vocabularies. 12mo. 3#. C d. 
German Principia. Part'll. A Reading Book ; containing 

Fables, Stories, and Anecdotes, Natural History, and Beenes from the 
History of Gennauy. With Grammatical Questions, Notes, and Dic- 
tionary. 12mo. 3*. tid. 

Practical German Grammar. Post 8vo. 3s. 0 d. 

SMITH'S (Dr. Wm.) ITALIAN COURSE : — 

Italian Principia. An Italian Course, containing a Grammar, 
Delectus, Exercise Book, with Vocabularies, and Materials for Italian 
Conversation. By Biguor Ricci, Professor ot Italian at the City of 
London College. 12mo. 3*. fid. 

Italian Principia. Part II. A First Italian Reading Book, 
containing Fables, Anecdote?, lllstorv, and Passages from the best 
Italian Authors, with Grammatical Questions, Notes, and a Copious 
Etymological Dictionary. By Signor Rjccj. l2mo. 3*. (id. 

SMITH'S (Dr. Wm.) LATIN COURSE:— 

The Young Beginner's First Latin Book : Containing the 
Kadlmentn of Grammar, Easy Grammatical Questions and Exercises, 
wi tb Vocabularies. Being a Stepping stone to Principia Latina, Part 1 • 
for Young Children. 12mo. 2«. 

The Youno Beginner's Second Latin Book : .Containing an 

easy Latin Beading Booh, with an Analysis of the Sentences, Notes, 
and a Dictionary. Being a Stepping-stone to Principia Latina, Part 11. 
for Young Children. 12mo. %$. 
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SMITH’S (Da. Wm.) Latin Course— continued. 

Principia Latina. Part I. First Latin Conroe, containing a 

Grammar, Delectus, and Exercise Book, with Vocabularies. ISmo. St. 6d. 

%* lu this Edition the Cases of the Nouns, Adjectives, and Pronouns 
are arranged both as in the ordinary Gbjlmm abs and as in the Pubuo 
School Pbwbr, together with the corresponding Exercises* 
Appendix to Pkinoipia Latina. Part I.; being Additional 
Exercises, with Examination Papers. 12mo, 2#. fid. 

Principia Latina. Part II. A Reading-book of Mythology, 

Geography, Homan Antiquities, and History, With Notes and Dic- 
tionary. 12mo. St. 6 d. 

Principia Latina. Part III. A Poetry Book. Hexameters 

and Pentameters; Eclog. Ovidiame; Latin Prosody. 12mo. 8 t. fid. 

Principia Latina. Part IV. Prose Composition. Rules of 

Syntax with Examples, Explanations of Synonyms, and Exercises 
on the Syntax. 12mo. 8s. 6d. 

Principia Latina. Part Y. Short Tales and Anecdotes for 

Translation into Latin. 12mo. 3s. 

Latin- English Vocabulary and First Latin-English 
Djotionaby KORPu-Y-hiius, Cornkltus Nki'os, ani> Caesar. 12mo. 3 s.Sd, 
Student’s Latin Grammar. For the Higher Forms. Post 

8vo. 6*. 

Smaller Latin Grammar. For the Middle and Lower Forms. 

12mo. 3s. € d. 

Tacitus, Germania, Agricola, &c. With English Notes. 
12wo. St. C d. 

SMITH’S (Dr. Wm.) GREEK COURSE:— 

Initia Grasca. Parti. A First Greek Course, containing a Gram 

mar, Delectus, and Exercise-book. With Vocabularies. 12mo.8t.0d. 

Appendix to Initia Gkjkua. Part L Containing additional 
Kxorcinos. With Examination Papers, Post 8vo. 2*. fid. 

Initia Gkaeca. Part II. A Reading Book. Containing 
Short Tales, Anecdotes, Fables, Mythology, and Grecian History . 
12mo. 3t. fid. 

Initia Grjsca. Part III. Trose Composition. Containing the 

Kolos of Syntax, with copious Examples and Exercises. 12mo. 3s. 6 d. 

Student’s Greek Grammar. For the Higher Forms. By 
Citutius. Post 8vo. fit. 

Smaller Greek Grammar. For the Middle and Lower Forms. 
12iuo. 8 1 . 6 d. 

Greek Accidence. 12mo. 2 s, 6<i. 

Plato, Apology of Socrates, &c. With Notes. 12mo, 3 s. (W. 
SMITH’S (Dr. Wm.) SMALLER HISTORIES:— 

Scripture History. Woodcuts. 16mo. 8*. 6d. 

Ancient History. Woodcuts. 16mo. 3s. 6d 
Ancient Geography. Woodcuts. 16mo. 3d. 6d, 

Modern Geography. 16mo. 2s. 6cL 

Greece. Maps and Woodcuts. 16mo. 3s. Od, 

Rome. Maps and Woodcuts. 16 mo. 8s. 6d. 

Classical Mythology. Woodcuts. Ifimo. Za.6<L 
England. Maps and Woodcuts. 16mo. 3s. 6d, * 

English Literature. 16mo. ik 6d. 

* English Literature. 16mo, 3s. 6 d* 
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80MERYILLE (Mary). Personal Recollections from Early Life 

to Old Age. Portrait.. Crown 8vo. 12#. 

Physical Geography. Portrait..- Post 8vo. 9s. 

— — — Connexion of the Physical Sciences. Post 8vo. 9.*. 

Molecular & Microscopic Science. Illustrations. 

2 Vole. Post 8vo. 21#. 

SOUTH (John F.). Household Surgery ; or, Hints for Emergen* 

ries. With Woodcuts, l'cap, 8vo. Jk 6./. 

SOUTHEY (Robt). Lives of Buuyau and CromwelL Post Svo. 2s. 
STAEL (Madame dr). See Stevens. 

STANHOPE’S (Bari*) WORKS 

History op England from tiik Reign op Queen Ann* to 

Tnn Pkack or Vkhsaillptr, 1701-83. 9 veils. Post Svo. &#. t ruli. 

Lifb of William Pitt. Portraits, 8 Yols. 8vo. 30#. 
Miscellanies. 2 Yols. Post 8vo. 13#. 

British India, from its Okicjin to 1783. Post 8vo. 3#. 6 d t 
History op "Forty-Five” Po.it 8vo. 8#. 

Historical and Critical Essays. Post 8vo. 3#. 6 d . 

French Retreat from Moscow, and other Essays. Post 8vo. 

7 s. frf. 

Life of Belisarius, Post 8vo, 10*. 6<L 
Life of Conpe. Post 8vo. 8#. C d . 

Story of Joan of Arc. Fcap. 8vo. 1#. 

Addresses on Various Occasions. 16mo. Is. 

STANLEY’S (Dean) WORKS 

Sinai and Palestine. Maps. Svo. 14.;. 

Bible in tiib Holy Land ; Extracted from the above Work. 

WtiodciifH. Fcap. 8vn. 2s. 6d. 

Eastern Church. 8vo. 12#. 

Jewish CnuRcn. From the Earliest Times to the Christian 

Era. 3 Vols. 8vo. 38#. 

Church of Scotland. 8vo. 7a. 6 d . 

Epistles of St. Paul to the Corinthians. Svo. 18s. 

Life of Dr. Arnold. Portrait. 2 Vols. Cr. 8vo. 12 8 . 
Canterbury Cathedral. Illustrations. Post 8vo. 7#. 6</. 
Westminster Abbey. Illustrations. 8vo. 15#. 

Sermons during a Tour in the East. 8vo. 9 s . 

on Public Occasions, Preached in AYcfctminfter 

Abbey. 8vo. 

The Beatitudes, and Sermons Adch:c?scd to Children in 
Westminater Abbry. Fcap, 8vr>. 

Memoir of Edward, Catherine, and Mary Stanley. Cr. 8vo. 9#. 
Christian Institutions. Essays on Ecclesiastical Subjects. 
8vo. is#. 

STEPHENS (Rev. W. R. W.). Life and Times of St John 

Chryaofitum. A . Sketch of the Church and the Empire lu the Fourth 
Century. Portrait ' 8vo. 12#. 

BTEVENS (Da. A.). Madame do Stiiel ; a Study of her Life 

, and Times. The First Revolution and the First Empire. Portrulta. 2 
VoK Crown Svo. 2 Is. 
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STRATFORD pis REDCLIFFE (Lord). The Eastern Question. 

Being a Selection from Mr Writings daring the last Five Years of his 
Ufe. With a Preface by Dean Stanley. With Map. 8vo. 9*. 
STREET (G. E.). Gothic Architecture in Spain. Illustrations. 
Royal 8vo. 80a 

— - Italy, chiefly in Brick and 

Marble. With Notes on North of Italy. Illustrations. Royal 8vo. 86*. 
— Rise of Styles in Architecture. With Illustrations. 8vo. 
STUART (Villiers). Nile Gleanings: The Ethnology, History, 
and Art of Ancient Egypt, as Revealed by Paintings and Bas- 
Reliefs. With Desciiptiona of Nubia and its Great Rode Temples, 
BS Coloured Illustrations, &c. Medium 8vo, 31*, 9d. 

STUDENTS’ MANUALS:— 

Old Testament History ,* from the Creation to the Return of 
the .Tears from Captivity. MapH and Woodcuts. Post 8vo. 7*. 6 J. 
New Testament History. With an Introduction connecting 
the History of the Old and New Testaments. Maps and Woodcuts. 
Post 6vo. 7s. 6 d. 

Evidences ok Christianity. By Rev. H. Wacr. Post 8vo. 
Ecclesiastical History. The Christian Church. By Philip 
Smith, B.A. 

Part I.— First Ten Centuries. From its Foundation to the full estab- 
lishment of the Holy Roman Empire and the Papal Power. Woodcuts. 
Post 8 vo. 7s. 6d. 

Past IF.— The Middle Ages and the Reformation. Woodcuts. Post 
8vo. 7*. 6d. 

History of the English Church. By Canon Perry. 

First Period, from the planting of the Church in Britain to the Acces- 
sion of Henry VIII. Post 8vo. 7 s.6d, 

r — — — fccond Period , from the accession 

of Henry VIII. to the silencing of Convocation In tho 18tli Century. 
Post. 8vo. 7*. CtZ, 

Ancient History of the East; Egypt, Assyria, Babylonia, 
Media, Persia, Asia Minor, and Phoenicia. Woodcuts. ‘ PostSvo. 7*. 6d. 
Ancient Geography. By Canon Bkvan. Woodcuts, Post 

8vo. Is. fit!. 

History ok Greece ; from the Earliest Times to the Roman 
Conquest. By Wm. Smith, D,C.L« Woodcuts. Crown 8vo. 7s. M, 
V* Questions on the above Work, 12mo. 2*. 

History op Rome ; from the Earliest Times to the Establish- 
meut of the Empire. By Dkak Lidmeia. Woodcuts. Crown 8vo. 7s. 6 d. 
Gibbon’s Decline and Fall of the Roman Empire, Woodcuts. 
Post 8vo. 7s. 6 a. 

Hallam’s History of Europe during the Middle Ages, 
PostSvo. 7*. 6d. 

History of Modern Europe, from the end of the Middle 

Ages to' the Treaty of Berlin, 1878. Post 8vo. [In the Press. 

Hallam’s History of England ; from the Accession of 
Henry VII. to the Death of George II. Post 8vo. 7*. 6 d, 

Hume’s History of England from the Invasion of Julius 
Cscuar to ihe Revolution in 1688. Revised, corrected, and continued 
down to the Treaty of Berlin, 1878. By J. 8. Bbsweb, M.A, With 
7 Coloured Maps & 70 Woodcuts. Post 8vo. U. 6 d. 

*/ Questions on the above Work, 12m c? 2*. 

History of France ; from the Earliest Times to the Estab- 
lishment of the Second Empire, 1862. By H. W. Jervis. Woodcut a. 
Post 8vo. 7 s.6d. 

English Language. By Geo. P, Marsh. Post 8vo. 7s. 6cf. 
„ English Literature. By T. B. Shaw, M.A. Post 8vo. 7s, 6d, 
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SI UDEN T5* M a JiUALS — contin tied. 

Specimkns op English LiTBRATunB.ByT.B.SuAW.Po8tSro.7js.6r?. 
Modern Orography ; Mathematical, Physical and Descriptive. 

By Cahon Bbvak. Woodcuts. Post 8vo. 7», M. 

Geography of India. By Dr. George Smith, LL.P. rust 8?o 

7*. 6d. f In the Pivt* 

Moral Philosophy. By Wm. Fleming. Post 8vo, 7#. fyf. 
Blackstonk’s Commentaries. By Malcolm Kerr. Post 8vo 
7#. 6 d , 

SUMNER’S (Bishop) Life and Episcopate during 40 Years. By 
Rev. G. H. Summer. Portrait. 8vo. 14*. 

SWAINSON (Canon). Nicene and Apostles’ Creeds; Their 
Literary History ; together with some Accoust of “The Creed of St. 
Athanasius,” 8vo. 16#. 

SWIFT (Jonathan). Life of. By Henuy Crahc, B.A. 

SYBEL (Yon) History of Europe during the French Revolution, 

1789 — 1795. *4 Vols. 8vo. 48#. 

SYMONDS’ (Rev. W.) Records of the Rocks; or Notes on the 

Geology, Natural History, and Antiquities of North and South Wales, 
8 iluria, Devon, and Cornwall. With Illustrations. Crown 8vo. 12#. 

TALMUD. See Barclay ; Deutsch. 

TEMPLE '(Sir Richard). India in 1880. With Maps. 8vo. 10, v. 

Men and Events of My Time in India. 8vo. 

THIBAUT’S (Antoink) Purity in Musical Art. Translated from 
the German. With a prefatory Memoir by W. II. Gladstone, M.P* 
Font 8vo, 7s. 6rf. 

THIELMANN (Baron). Journey through the Caucasus, to 
Tabreez, Kurdistan, down the Tigris and Euphrates to Nineveh nnd 
Babylon, and across the Desert to Pulmyrt. Translated by Chas.- 
Uekeagu. Illustrations. 3 Vols. Post Svo. 18#. 

THOMSON (Archbishop). Lincoln’s Inn Sermons. 8vo. 10a. 0t/. 

Life in the Light of God’s Word. Post 8vo. bts. 

Word, Work, k Will : Collected Essays. Crown 8vo. Os. 

TITIAN’S LIFE AND TIMES. With some account of his 

Family, chiefly from new and unpublished Records. By Cuowk and 
Oavauja8km.e. With I*oi trait and Illustrations. 2 Vols. 8vo. 21#. 

TOCQUEVILLE’S State of Society in France before the Revolution, 
1789, and on the Causes which led to that Event. Translated by Henry 
Kvkve. 8vq. 14*. 

TOMLINSON (Chas.); TheSonnci; Its Origin, Structnre, and Place 

in Poetry. With translations from Dante, Petmirb, &c. Post Svo. U«. 

TOZER (Rnv. H. F.) Highlands of Turkey, with Visit# to Mounts 

Ida, Athoa, Olympus, and Pellon. 2 Vols. Crown 8vo* 24#. 

Lectures on the Geography of Greece. Map. Post 

8vo. 9s. 

TRISTRAM (Canon). Great Sahara. Illustrations. Crown Svo. 15*. 

— Land 0 f >£oab ; Travels and Discoveries on the East 

Side of the Dead Sea and the Jordan. Illustrations. Crown 8vo. 15#. 
TRURO (Bishop of). Tho Cathedral : its Necessary Place in 
the Life and Work of the Church. Crown 8vo. 6#. 

TWENTY YEARS’ RESIDENCE among the Greeks, Albanians, 

Turks, Armenians, and Bulgarians. By an English Lady. 2 Vols. 
Crown Svo. 21#. 

TWINING (Rev. Thos.). Records of a Life of Studious Retirement 
Being Selections from His Correspondence, Svo. [/a the Prost 
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TWISS’ (Hobaob) life of Lord Eldon. 2Yok , Post STO. 21*. 
TYLOR (B. B.) Researches into ihe Early History of Mankind, 
ana DeTetopmest of CWlltntlon. Srd Edition Revised, five. lie. 

— — r — Primitive Culture ; the Development efMythalogy, 

FhUosopby, Religion, Art, and Custom. 2 Vole. 8vo, 84#. 

VATICAN COUNCIL. See L*to. 

VIRCHOW (Proms sou). The Freedom of Science in the 

Modern State. F<?ap.8vo. 8#. , 

WAGE (Rev. Henry). The Gospel anti he B itaesaes : the Prin- 
cipal Facts in the Life of our Lord, end the Authority off the Ev*»geUpd 
Narratives. Crown 6vo. 

WELLINGTON’S Despatches during his Campaigns in India* 
Denmark, Portugal, Spain, the Low Countries, end France. 8 Tots. 
8vo. 20#» stdh 

...« — ~ — : Supplementary Despatches, relating to India, 

Ireland, Denmark, Spanish America, Spain, Portugal, France, Con-' 
grass ol Vienna, Waterloo and Paris, 14 Vols. 8vo. 80#. each. 
\* An Index. 8vo. 20#. 

— — ; Civil and Political Correspondence. Tola. I. to 

VIII. 8vo. 20#. each. 

Speeches in Parliament. 2 Vols. 8vo. 42a. , 
WHEELER (G.). Choice of a Dwelling. Post 8vo. 7a. \ ‘ 
WHITE (W. H.). Mannal of Naval Architecture, for the use of 
Naval Officer#, Shipowners, Shipbuilder, and Yachtsmen, llluntra- 
tlona. 8vo. 24#. 

WHYMPER (Edward). The Ascent of the Matterhorn. With 

100 IlluMtrations. Modi urn 8vo. 10#, 6d. 

WILBKRFORCE’S (Bishop) Life of William Wilberforce. Portrait. 
Crown 8vo. fl#. 

- (Samuel, LL.D.), Lord Bishop of Oxford and 
Winchester: his Life.- By Canon Abuwtsll, D.D., and R. G. Wilbiu- 
ronCK. ‘With Portraits and Woodcuts. Vols. I. and II. 8vo. 15#. each, 

WILKINSON (Sir J. G*). Manners and Customs of the Ancient 

Egyptians, their Private Life, Laws, Aits, Religion, &q. A now edition. 
Edited by Samuel Birch, LL.D. lllustrationi*. 8 Vols. 8vo. 84#. 

— Popular Account of the Ancient Egyptians. With 

ftOO Wopdcata. 2 Vols. Post8vo. 12#. 

WILSON (Jo**, D.D.). See Smith (Geo ). 

WOOD'S (Captain) Source of the Oxus. With the Geography 

of the Valley of the Oxng. By Col. Yule, Map. 8vo, 18#. 

WORDS OF HUMAN WISDOM, Collected and Amnged by 

R. 8. Wlfti a Preface by Cawor Liunow. Foap. 8vo. A*«64. 

WORDSWORTH'S (Bishop) Greece ; Pictorial, Descriptive, and 
Historical. With an Introduction on the Characteristics of Greek Art 
by GhoaoS Pohar#, F.8.A. A. Revised Edition, by H. F. Tozta, 
M.A., With Illustrations. Royal 8ro. 

YORK (Archbishop or). Collected Essays. Contents. — SynoptkJ 
Gospels, Death of dhHtfc &0& Exists. Worth of Life, Design {n 
Mature. Sports and pastbhed. Emotions In Preaching. Defects in 
M iasiotiary W orbu JUhuits ^fPbilosopiiieil Empilry. Crown 8vo. “ 

“ Colonel), Booh of Marun Polo, Illustrated by the I ‘ 
of Oriental Writers and Modern Travels. ’ With Maya and 
2 Volt. Medium 8ro. $8#. 

A. F* A little light on Cretan Insurrection. Peat 

8vo. 2s.,6l. ■ 
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